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❆❜str❛❝t ✿ ■♥ t❤✐s r❡s❡❛r❝❤ ■ ❡♠♣✐r✐❝❛❧❧② st✉❞② t❤❡ ❡✛❡❝ts ♦❢ ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥ ❜② ✐♥✈❡st♦rs ♦r tr❛❞❡rs
♦♥ ❛♥❛❧②sts✬ ❢♦r❡❝❛st ❜✐❛s✳ ❇❛s❡❞ ♦♥ t❤❡ t❤❡♦r❡t✐❝❛❧ ❧✐t❡r❛t✉r❡ ♦♥ s❡❧❧✲s✐❞❡ ❛♥❛❧②sts✱ ■ ❛r❣✉❡ t❤❛t ❢♦r❡❝❛st
❜✐❛s ✐s ❝♦rr❡❧❛t❡❞ t♦ ✐♥✈❡st♦rs✬ ✐♥❢♦r♠❛t✐♦♥ ❣❛t❤❡r✐♥❣ ✐♥ t✇♦ ♦♣♣♦s✐t❡ ❞✐r❡❝t✐♦♥s✳ ❖♥ t❤❡ ♦♥❡ ❤❛♥❞✱ ❤✐❣❤❡r
❧❡✈❡❧s ♦❢ r❡❛❞✐♥❣ ❛❝t✐✈✐t✐❡s ❛❜♦✉t ✐♥❞✐✈✐❞✉❛❧ ✜r♠s ❜② ✐♥✈❡st♦rs ✐♥❞✉❝❡ ❛♥❛❧②sts t♦ ✐ss✉❡ ♠♦r❡ ♦♣t✐♠✐st✐❝
❢♦r❡❝❛sts ✐❢ t❤❡ ♣♦t❡♥t✐❛❧ ❢♦r tr❛❞✐♥❣ ✐s ❤✐❣❤❡r✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ❤✐❣❤❡r ❧❡✈❡❧s ♦❢ r❡❛❞✐♥❣ ❛❝t✐✈✐t✐❡s ❛❜♦✉t
✐♥❞✐✈✐❞✉❛❧ ✜r♠s ❜② ✐♥✈❡st♦rs ❤❡❧♣ t❤❡♠ ✐❞❡♥t✐❢② ♦♣♣♦rt✉♥✐st✐❝ ❜❡❤❛✈✐♦rs ❛♥❞ t❤✉s t♦ ❞✐s❝✐♣❧✐♥❡ ❛♥❛❧②sts✳ ■
✜♥❞ t❤❛t ✐♥✈❡st♦rs✬ ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥ ✐s ♣♦s✐t✐✈❡❧② r❡❧❛t❡❞ t♦ ❛♥❛❧②sts✬ ♦♣t✐♠✐s♠ ✇❤❡♥ t❤❡ ♣♦t❡♥t✐❛❧
❢♦r tr❛❞✐♥❣ ✐s ❧❛r❣❡r✱ ❛♥❞ ♥❡❣❛t✐✈❡❧② r❡❧❛t❡❞ t♦ ♦♣t✐♠✐s♠ ✇❤❡♥ ✐♥✈❡st♦rs ❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ ✐❞❡♥t✐❢② ✐♥✢❛t❡❞
❢♦r❡❝❛sts✳ ❚♦❣❡t❤❡r✱ t❤❡s❡ r❡s✉❧ts s✉❣❣❡st t❤❛t ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥ ✐s ♥♦t ♦♥❧② ❝♦rr❡❧❛t❡❞ t♦ ❛♥❛❧②sts✬
♦♣t✐♠✐s♠ ❜✉t ❛❧s♦ t❤❛t ✐ts ❡✛❡❝t ❞♦❡s ♥♦t ✇♦r❦ tr✐✈✐❛❧❧② ❛♥❞ s♦❧❡❧② ✐♥ ♦♥❡ ❞✐r❡❝t✐♦♥ ❜✉t ✐t ❛❝t✐✈❛t❡s t✇♦
❞✐✛❡r❡♥t ✐♥❝❡♥t✐✈❡s ✐♥ ❛♥❛❧②sts✬ ❞❡❝✐s✐♦♥s✳
❑❡② ✇♦r❞s✿ tr❛❞✐♥❣ ✐♥❝❡♥t✐✈❡s✱ ❛♥❛❧②st✬s ❝r❡❞✐❜✐❧✐t②✱ r❡s♣♦♥s✐✈❡ ✐♥✈❡st♦rs✱ ♥❛✐✈❡ ✐♥✈❡st♦rs✳
✯■ t❤❛♥❦ ❏♦r❣❡ ❋❧♦r❡③ ❛♥❞ ❑❛r♦❧❧ ●ó♠❡③ ❢♦r t❤❡✐r t❤♦r♦✉❣❤ r❡❛❞✐♥❣s ❛♥❞ ❝♦♠♠❡♥t❛r✐❡s ♦♥ ♠② ✇♦r❦✱ ❛♥❞ ❛❧s♦ ❈❛r❧♦s
❈❛ñ♦♥ ❛♥❞ ❈❛r❧♦s ❈❛str♦ ❢♦r t❤❡✐r ✈❛❧✉❛❜❧❡ ❝♦♠♠❡♥ts✳ ■♥ ❛❞❞✐t✐♦♥✱ ■ t❤❛♥❦ t❤♦s❡ ♣r♦❢❡ss♦rs✱ P❤❉ st✉❞❡♥ts ❛♥❞ ♣♦st❞♦❝t♦r❛❧
r❡s❡❛r❝❤❡rs ❛t ❯♥✐✈❡rs✐❞❛❞ ❞❡❧ ❘♦s❛r✐♦ ✇❤♦ ❤❛✈❡ ❣❡♥❡r♦✉s❧② ❞✐s❝✉ss❡❞ ♦♥ ♠② r❡s❡❛r❝❤✳ ❆❧s♦✱ t❤❡ ❝♦♠♠❡♥ts r❡❝❡✐✈❡❞ ❛t t❤❡
❋✐♥❛♥❝❡ ❲♦r❦s❤♦♣ ❛t ❚♦✉❧♦✉s❡ ❙❝❤♦♦❧ ♦❢ ❊❝♦♥♦♠✐❝s ❤❛✈❡ ❜❡❡♥ ✈❡r② ❝♦♥str✉❝t✐✈❡✳ ❆❧❧ ❡rr♦rs ❛r❡ ♠✐♥❡✳
❸❯♥✐✈❡rs✐❞❛❞ ❞❡❧ ❘♦s❛r✐♦✳ ❡✲♠❛✐❧✿ ❥♦s❡✳❛st❛✐③❛❅✉r♦s❛r✐♦✳❡❞✉✳❝♦✳ ❤tt♣s✿✴✴❥♦❣❛❛s❣♦✳♥❡t❧✐❢②✳❛♣♣✴
✶ ■♥tr♦❞✉❝t✐♦♥
■♥ ♠❛♥② s✐t✉❛t✐♦♥s✱ ❞❡❝✐s✐♦♥ ♠❛❦❡rs t✉r♥ t♦ ❡①♣❡rts ❢♦r ✐♥❢♦r♠❛t✐♦♥ ❛♥❞ ❛❞✈✐❝❡✳ ❍♦✇❡✈❡r✱ ❡①♣❡rts✬ ♣r❡❢❡r✲
❡♥❝❡s ♦r ✐♥❝❡♥t✐✈❡s ❛r❡ ♦❢t❡♥ ♥♦t ♣❡r❢❡❝t❧② ❛❧✐❣♥❡❞ ✇✐t❤ t❤♦s❡ ♦❢ ❞❡❝✐s✐♦♥ ♠❛❦❡rs✱ ❛♥❞ ❡①♣❡rts ♠❛② ❡♥❣❛❣❡
✐♥ ♦♣♣♦rt✉♥✐st✐❝ r❡♣♦rt✐♥❣ ✭▼❡♥❣✱ ✷✵✶✹✮✳ ■♥ ♣❛rt✐❝✉❧❛r✱ s❡❧❧✲s✐❞❡ ❛♥❛❧②sts t❡♥❞ t♦ ♣r♦❞✉❝❡ ♠♦r❡ ✐♥✢❛t❡❞
❢♦r❡❝❛sts ✭❉❡❇♦♥❞t ❛♥❞ ❚❤❛❧❡r✱ ✶✾✾✵✮ ✐♥ ♦r❞❡r t♦ ✐♥❞✉❝❡ ♠♦r❡ tr❛❞✐♥❣ ❛♥❞ t❤✉s ♠♦r❡ ✐♥❝♦♠❡ ❢♦r t❤❡✐r
❜r♦❦❡r❛❣❡ ❤♦✉s❡s ✭❏❛❝❦s♦♥✱ ✷✵✵✺✮✱ ❛s ❛♥❛❧②sts✬ ♣r❡❢❡r❡♥❝❡s ❛r❡ ♠✐s❛❧✐❣♥❡❞ ✇✐t❤ t❤♦s❡ ♦❢ ✐♥✈❡st♦rs✳ ■♥ t❤✐s
♣❛♣❡r✱ ■ ❡♠♣✐r✐❝❛❧❧② t❡st t❤❡ ❤②♣♦t❤❡s✐s t❤❛t t❤❡ ❛♠♦✉♥t ♦❢ ✜r♠✲❧❡✈❡❧ ✐♥❢♦r♠❛t✐♦♥ ❝♦❧❧❡❝t❡❞ ❜② ✐♥✈❡st♦rs
❤❛s t✇♦ ♦♣♣♦s✐t❡ ♣♦t❡♥t✐❛❧ ❡✛❡❝ts ♦♥ ❛♥❛❧②st ❢♦r❡❝❛st ❜✐❛s✳ ■ ❛r❣✉❡ t❤❛t✱ t❤❡ ❛♥❛❧②st ❛❝ts str❛t❡❣✐❝❛❧❧②
s♦ ❛s t♦ t❛❦❡ ❛❞✈❛♥t❛❣❡ ♦❢ ✐♥✈❡st♦r ❤❡t❡r♦❣❡♥❡✐t② ✐✳❡✳ ♦❢ t❤❡ s✐♠✉❧t❛♥❡♦✉s ♣r❡s❡♥❝❡ ♦❢ ♥❛✐✈❡ ❛♥❞ s♦♣❤✐st✐✲
❝❛t❡❞ ✐♥✈❡st♦rs✱ ❜✉t ✐s r❡str❛✐♥❡❞ ❢r♦♠ s②st❡♠❛t✐❝❛❧❧② ✐♥❞✉❝✐♥❣ ❛ ❣r❡❛t❡r ♥✉♠❜❡r ♦❢ tr❛❞❡s ❜② ♠❛❦✐♥❣ ♦✈❡r
♦♣t✐♠✐st✐❝ ❢♦r❡❝❛st ❜❡❝❛✉s❡ ❤❡ ❛❧s♦ ❤❛s t♦ ❛❞❞r❡ss r❡♣✉t❛t✐♦♥ ❡✛❡❝ts ❡s♣❡❝✐❛❧❧② ❢r♦♠ s♦♣❤✐st✐❝❛t❡❞ ✐♥✈❡st♦rs✳
❚❤❡r❡ ❛r❡ ❞✐✛❡r❡♥❝❡s ✐♥ ✐♥✈❡st♦rs✬ ❛❜✐❧✐t② t♦ ❡st❛❜❧✐s❤ t❤❡ q✉❛❧✐t② ♦❢ ❛♥❛❧②sts✬ r❡♣♦rts✱ ❛♥❞ t❤✉s✱ ✐♥✲
✈❡st♦rs r❡❛❝t r❛t❤❡r ❤❡t❡r♦❣❡♥❡♦✉s❧② t♦ t❤❡ r❡♣♦rts ✐ss✉❡❞ ❜② ❛♥❛❧②sts✳ P❛rt✐❝✉❧❛r❧②✱ s♠❛❧❧ ✐♥✈❡st♦rs tr❛❞❡
♠♦r❡ ✐♥ r❡s♣♦♥s❡ t♦ ♦♣t✐♠✐st✐❝ r❡♣♦rts t❤❛♥ t♦ ♣❡ss✐♠✐st✐❝ r❡♣♦rts ✭▼✐❦❤❛✐❧✱ ❲❛❧t❤❡r ❛♥❞ ❲✐❧❧✐s✱ ✷✵✵✼✮✱
✇❤✐❧❡ ✐♥st✐t✉t✐♦♥❛❧ ✐♥✈❡st♦rs tr❛❞❡ ♠♦r❡ ✐♥ r❡s♣♦♥s❡ t♦ ❝♦♥s❡r✈❛t✐✈❡ ❛♥❛❧②sts ✭❍✉❣♦♥ ❛♥❞ ▼✉s❧✉✱ ✷✵✶✵✮
❛♥❞ ❛ss✐❣♥ ✈♦t❡s t♦ ♠♦r❡ ❛❝❝✉r❛t❡ ❛♥❛❧②sts ✐♥ t❤❡ ■♥st✐t✉t✐♦♥❛❧ ■♥✈❡st♦r ✬s ❆❧❧✲❆♠❡r✐❝❛♥ ❘❡s❡❛r❝❤ ❚❡❛♠
r❛♥❦✐♥❣ ✭●r♦②s❜❡r❣✱ ❍❡❛❧② ❛♥❞ ▼❛❜❡r✱ ✷✵✶✶❀ ❙t✐❝❦❡❧✱ ✶✾✾✷✮✳ ❚❤✐s ❤❡t❡r♦❣❡♥❡✐t② ✐♥ r❡❛❝t✐♦♥ t♦ r❡♣♦rts✱
❤❛s ❜❡❡♥ ❛❧r❡❛❞② ✐♥❝♦r♣♦r❛t❡❞ ✐♥ t❤❡ t❤❡♦r❡t✐❝❛❧ ❧✐t❡r❛t✉r❡✱ s❤♦✇✐♥❣ t❤❛t s❡❧❧✲s✐❞❡ ❛♥❛❧②sts s❤♦✉❧❞ r❡❛❝t
str❛t❡❣✐❝❛❧❧② t♦ ✐♥✈❡st♦rs✬ r❡s♣♦♥s❡s t♦ t❤❡✐r r❡♣♦rts ✭❋✐s❝❤❡r ❛♥❞ ❙t♦❝❦❡♥✱ ✷✵✶✵❀ ❑❛rt✐❦✱ ❖tt❛✈✐❛♥✐ ❛♥❞
❙q✉✐♥t❛♥✐✱ ✷✵✵✼✮✳ ■♥ ♣❛rt✐❝✉❧❛r✱ ❑❛rt✐❦✱ ❖tt❛✈✐❛♥✐ ❛♥❞ ❙q✉✐♥t❛♥✐ ✭✷✵✵✼✮ ✭❤❡r❡❛❢t❡r ❑❖❙✮ st✉❞② ✐❢ ❛♥ ❛♥✲
❛❧②st ✐♥❝✉r ✐♥ ♦♣♣♦rt✉♥✐st✐❝ ❜❡❤❛✈✐♦rs ✇❤❡♥ t❤❡r❡ ❡①✐st ✐♥✈❡st♦rs ✇❤♦ ❛r❡ ❤❡t❡r♦❣❡♥❡♦✉s ✐♥ t❤❡✐r ❛❜✐❧✐t②
t♦ ❡st❛❜❧✐s❤ t❤❡ q✉❛❧✐t② ♦❢ ❛♥❛❧②sts✬ r❡♣♦rts✱ ❛♥❞ s❤♦✇ t❤❛t t❤❡ ♣r❡s❡♥❝❡ ♦❢ s♦♠❡ ♥❛✐✈❡ ✐♥✈❡st♦rs ✐♥❞✉❝❡
✐♥✢❛t❡❞ ❢♦r❡❝❛sts✳
❚♦ st✉❞② t❤❡ r❡❧❛t✐♦♥ ❜❡t✇❡❡♥ ❤❡t❡r♦❣❡♥❡♦✉s s♦♣❤✐st✐❝❛t✐♦♥ ❛♥❞ ✐♥✢❛t❡❞ ❢♦r❡❝❛sts✱ ❑❖❙ ♣r♦♣♦s❡ ❛
❝❤❡❛♣✲t❛❧❦ ♠♦❞❡❧ ✇❤❡r❡ ❛♥ ❛♥❛❧②st ❤❛s ♣r✐✈❛t❡ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ❛ ✜r♠ ✉♣♦♥ ✇❤✐❝❤
❤❡ ✐ss✉❡s ❛ r❡♣♦rt✱ ❛♥❞ t❤❡ st❛t❡ ♦❢ ♥❛t✉r❡ ❞❡❝✐❞❡s ♦♥ t❤❡ tr✉❡ st❛t❡ ♦❢ t❤❡ ✇♦r❧❞✳ ❙✐♥❝❡ ✐t ✐s ♥♦t t❤❡ ♠❛✐♥
♣✉r♣♦s❡ ♦❢ t❤✐s ♠♦❞❡❧ t♦ st✉❞② t❤❡ ❛♥❛❧②st✬s ❞❡❝✐s✐♦♥ ♦♥ t❤❡ q✉❛❧✐t② ♦❢ ❤✐s ♣r✐✈❛t❡ ✐♥❢♦r♠❛t✐♦♥ ❜✉t t♦
❢♦r♠❛❧✐③❡ t❤❡ ✐❞❡❛ t❤❛t t❤❡ ♣r❡s❡♥❝❡ ♦❢ s♦♠❡ ♥❛✐✈❡ ✐♥✈❡st♦rs ✐♥❞✉❝❡ ✐♥✢❛t❡❞ ❢♦r❡❝❛sts✱ ✐t ✐s ❛ss✉♠❡❞ ✐♥ t❤❡
♠♦❞❡❧ t❤❛t t❤❡ ♣r✐✈❛t❡ ✐♥❢♦r♠❛t✐♦♥ ♦❢ t❤❡ ❛♥❛❧②st✱ ❡q✉❛❧s t❤❡ tr✉❡ st❛t❡ ♦❢ t❤❡ ✇♦r❧❞ r❡❣❛r❞✐♥❣ t❤❡ ✜r♠✬s
♣❡r❢♦r♠❛♥❝❡ ❛♥❞ t❤❛t t❤❡r❡ ✐s ♥♦t ❛ ♣✉❜❧✐❝ s✐❣♥❛❧✳ ❚❤❡ ❛♥❛❧②st ✐s ✐♥t❡r❡st❡❞ ✐♥ t❤❡ ❛✈❡r❛❣❡ r❡s♣♦♥s❡ ♦❢ ❛
♣♦♦❧ ♦❢ ✐♥✈❡st♦rs ❛♥❞ t❤❡r❡ ✐s ❛ ❢r❛❝t✐♦♥ ♦❢ ♥❛✐✈❡ ✐♥✈❡st♦rs ✇❤♦ ❝❛♥♥♦t ❢♦r♠✉❧❛t❡ ❡q✉✐❧✐❜r✐✉♠ ❜❡❧✐❡❢s ❛❜♦✉t
t❤❡ tr✉❡ st❛t❡ ♦❢ t❤❡ ✇♦r❧❞ ❢r♦♠ t❤❡ ❛♥❛❧②st r❡♣♦rt✱ ❜✉t t❤❡② ❢♦r♠✉❧❛t❡ ❛ ❞✐s✲❡q✉✐❧✐❜r✐✉♠ ❡st✐♠❛t❡ ♦❢ t❤❡
tr✉❡ st❛t❡ ♦❢ t❤❡ ✇♦r❧❞✳ ▼❡❛♥✇❤✐❧❡✱ t❤❡ ❢r❛❝t✐♦♥ ♦❢ str❛t❡❣✐❝ ✐♥✈❡st♦rs✱ ❢♦r♠✉❧❛t❡ ❛♥ ❡q✉✐❧✐❜r✐✉♠ ❡st✐♠❛t❡
✶
❛♥❞ t❛❦❡ ❛❝t✐♦♥ ❛❝❝♦r❞✐♥❣❧②✳
▲❡♠♠❛ ✶ ❛♥❞ ❚❤❡♦r❡♠ ✶ ♦❢ ❑❖❙ st❛t❡ t❤❛t t❤❡r❡ ❛r❡ ❝♦♥❞✐t✐♦♥s ❢♦r ✇❤✐❝❤ t❤❡r❡ ❡①✐sts ❛♥ ❡q✉✐❧✐❜r✐✉♠
✇❤❡r❡ t❤❡ ❛♥❛❧②st s❡♥❞s ❛♥ ✐♥✢❛t❡❞ r❡♣♦rt ✭❤✐❣❤❡r t❤❛♥ t❤❡ tr✉❡ st❛t❡ ♦❢ t❤❡ ✇♦r❧❞✮ ✐♥ ♦r❞❡r t♦ ✐♥❞✉❝❡ ❛
❧❛r❣❡r r❡s♣♦♥s❡ ❢r♦♠ ♥❛✐✈❡ ✐♥✈❡st♦rs✱ ❡✈❡♥ ✇❤❡♥ ❛♠♦♥❣ ✐♥✈❡st♦rs t❤❡r❡ ❛r❡ s♦♣❤✐st✐❝❛t❡❞ ♦♥❡s✳ ■♥ ♦t❤❡r
✇♦r❞s✱ ✐t ✐s ❢❡❛s✐❜❧❡ ❛ s✐t✉❛t✐♦♥ ✐♥ ✇❤✐❝❤ t❤❡r❡ ❛r❡ ♦♣t✐♠✐st✐❝ r❡♣♦rts ✇❤✐❝❤ ✏st✐❧❧ r❡✈❡❛❧ ♣r❡❝✐s❡ ✐♥❢♦r♠❛t✐♦♥
t♦ str❛t❡❣✐❝ r❡❝❡✐✈❡rs✱ ✇❤✐❧❡ ❞❡❝❡✐✈✐♥❣ ♥❛✐✈❡ r❡❝❡✐✈❡rs✳✑ ❲❤❡♥ ✐♥✈❡st♦rs ❛r❡ ♠♦r❡ r❡s♣♦♥s✐✈❡ t♦ ❢♦r❡❝❛sts✱
t❤✐s ♠♦❞❡❧ t❡❧❧s ✉s t❤❛t ❛♥❛❧②sts ✇✐❧❧ ✐ss✉❡ ♠♦r❡ ♦♣t✐♠✐st✐❝ r❡♣♦rts✱ ❛♥❞ t❤✉s✱ ■ ❛r❣✉❡ t❤❛t ❣r❡❛t❡r ✐♥❢♦r✲
♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥ ♦♥ st♦❝❦s ✇✐t❤ ❣r❡❛t❡r tr❛❞✐♥❣ ♣♦t❡♥t✐❛❧ ❧❡❛❞s t♦ ❤✐❣❤❡r ❛♥❛❧②st ♦♣t✐♠✐s♠✳
❚❤❡ ❝❤❡❛♣ t❛❧❦ ❧✐t❡r❛t✉r❡ ❤❛s st✉❞✐❡❞ ❤♦✇ ❝♦♥❝❡r♥s ❛❜♦✉t t❤❡ ❢✉t✉r❡✱ ❛✛❡❝t ❝♦♠♠✉♥✐❝❛t✐♦♥✱ ✐♥❝❧✉❞✐♥❣
r❡♣✉t❛t✐♦♥❛❧ ❛♥❞ ❝❛r❡❡r ❝♦♥❝❡r♥s ✭❡✳❣✳ ❖tt❛✈✐❛♥✐ ❛♥❞ ❙ør❡♥s❡♥✱ ✷✵✵✻❀ ❊❧② ❛♥❞ ❱ä❧✐♠ä❦✐✱ ✷✵✵✸❀ ❏✉❧❧✐❡♥ ❛♥❞
P❛r❦✱ ✷✵✶✹✮✳ ❍♦✇❡✈❡r✱ ❤❡r❡ t❤❡ q✉❡st✐♦♥ ✐s ✐❢ ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥ ❜② ✐♥✈❡st♦rs ♣❧❛②s ❛ s✐❣♥✐✜❝❛♥t r♦❧❡ ✐♥
❧✐♠✐t✐♥❣ ♦♣♣♦rt✉♥✐st✐❝ r❡♣♦rt✐♥❣✳ ❋✐s❝❤❡r ❛♥❞ ❙t♦❝❦❡♥ ✭✷✵✶✵✮ ✭❤❡r❡❛❢t❡r ❋❙✮ s❤♦✇ t❤❛t✱ ✇❤❡♥ t❤❡ q✉❛❧✐t②
♦r ♣r❡❝✐s✐♦♥ ♦❢ t❤❡ ❛♥❛❧②st r❡♣♦rt ✐s ❝♦♠♠♦♥ ❦♥♦✇❧❡❞❣❡✱ ❤✐❣❤❡r ✐♥✈❡st♦rs✬ ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥ ✐♥❞✉❝❡s
♠♦r❡ ♣r❡❝✐s❡ ❛♥❛❧②sts✬ r❡♣♦rts✳ ❯♥❢♦rt✉♥❛t❡❧②✱ ✐♥✈❡st♦rs ❞♦ ♥♦t ❤❛✈❡ ❛ ♣r❡❝✐s❡ ✐❞❡❛ ❛❜♦✉t ❛♥❛❧②st✬s ❢♦r❡✲
❝❛st ♣r❡❝✐s✐♦♥✱ ❜✉t t❤❡② ❝❛♥ ❡st❛❜❧✐s❤ ✇❤❡♥ ❛♥❛❧②sts✬ r❡♣♦rts ❛r❡ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ✜r♠✬s ♣❡r❢♦r♠❛♥❝❡✳
❚❤❡r❡❢♦r❡✱ ❣r❡❛t❡r ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥ ♦♥ st♦❝❦s ❢♦r ✇❤✐❝❤ ✐♥✈❡st♦rs ❛r❡ ❛❜❧❡ t♦ r❡❝♦❣♥✐③❡ ❢♦r❡❝❛st
q✉❛❧✐t②✱ s❤♦✉❧❞ ❜❡ ❛ss♦❝✐❛t❡❞ t♦ ♠♦r❡ ♣r❡❝✐s❡ ✲ ❧❡ss ❜✐❛s❡❞ ❛♥❛❧②st ❢♦r❡❝❛sts✳
▲❡tt✐♥❣ t❤❡ q✉❛❧✐t② ♦❢ t❤❡ r❡♣♦rt ❜❡✐♥❣ ♦❢ ❝♦♠♠♦♥ ❦♥♦✇❧❡❞❣❡ ✐♥ t❤❡ ♠♦❞❡❧ ♦❢ ❋❙✱ ♣r♦✈✐❞❡s r❡s✉❧ts
♦♥ ❤♦✇ ❝♦♠♠✉♥✐❝❛t✐♦♥ ✐♥❝❡♥t✐✈❡s ❛✛❡❝t t❤❡ ❛♥❛❧②st✬s ❞❡❝✐s✐♦♥s ♦♥ t❤❡ q✉❛❧✐t② ♦❢ ❤✐s ♣r✐✈❛t❡ ✐♥❢♦r♠❛t✐♦♥
✉♣♦♥ ✇❤✐❝❤ ❤❡ ✐ss✉❡s ❛ r❡♣♦rt✳ ■♥ t❤❡ ❝❤❡❛♣✲t❛❧❦ ♠♦❞❡❧ ♦❢ ✐♥✈❡st♦rs✬ ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥ ❛♥❞ ❢♦r❡❝❛st
♣r❡❝✐s✐♦♥ ✇✐t❤ tr✉t❤❢✉❧ ❝♦♠♠✉♥✐❝❛t✐♦♥ ♣r♦♣♦s❡❞ ❜② ❋❙✱ t❤❡r❡ ✐s ❛♥ ❛♥❛❧②st ✇❤♦ ✐ss✉❡s ❛ r❡♣♦rt ✇✐t❤ ❛
❜✐♥❛r② ♦✉t❝♦♠❡✱ bad ♦r good✱ ✉♣♦♥ ❤✐s ♣r✐✈❛t❡ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ❛ ✜r♠✳ ❚❤❡♥✱ ❛♥
✐♥✈❡st♦r t❛❦❡s ❛❝t✐♦♥✱ ❜❛s❡❞ ♦♥ ❜♦t❤ t❤❡ ❛♥❛❧②st✬ r❡♣♦rt ❛♥❞ ❛ ♣✉❜❧✐❝ s✐❣♥❛❧ ✭❡✳❣✳ ❛ ❝♦r♣♦r❛t❡ r❡♣♦rt✮
❛❜♦✉t t❤❡ st❛t❡ ♦❢ t❤❡ ✇♦r❧❞ r❡❣❛r❞✐♥❣ t❤❡ ✜r♠✬s ♣❡r❢♦r♠❛♥❝❡✳ ■♥ t❤✐s s❡tt✐♥❣✱ t❤❡ ❛✉t❤♦rs s❤♦✇ t❤❛t ❛♥
✐♥❝r❡❛s❡ ✐♥ t❤❡ ✐♥❢♦r♠❛t✐✈❡♥❡ss ♦❢ ✐♥✈❡st♦rs✬ s✐❣♥❛❧s✱ r❡q✉✐r❡s t❤❛t t❤❡ ❛♥❛❧②st ❛✉❣♠❡♥ts t❤❡ q✉❛❧✐t② ♦❢ ❤✐s
♣r✐✈❛t❡ ✐♥❢♦r♠❛t✐♦♥ ✐♥ ♦r❞❡r t♦ ♠❛✐♥t❛✐♥ t❤❡ ✐♥✈❡st♦r r❡s♣♦♥s✐✈❡ t♦ t❤❡ ❛♥❛❧②st✬s r❡♣♦rt✶✳
■♥ t❤✐s ♣❛♣❡r✱ ■ ❡♠♣✐r✐❝❛❧❧② t❡st t❤❡ ❤②♣♦t❤❡s✐s t❤❛t t❤❡ ❛♠♦✉♥t ♦❢ ✜r♠✲❧❡✈❡❧ ✐♥❢♦r♠❛t✐♦♥ ❝♦❧❧❡❝t❡❞
❜② ✐♥✈❡st♦rs ❤❛s t✇♦ ♦♣♣♦s✐t❡ ♣♦t❡♥t✐❛❧ ❡✛❡❝ts ♦♥ ❛♥❛❧②st ❢♦r❡❝❛st ❜✐❛s✳ ❋✐rst✱ ❛♥❛❧②sts ♠❛② ✐ss✉❡ ♠♦r❡
♦♣t✐♠✐st✐❝ ✭✐♥✢❛t❡❞✮ ❢♦r❡❝❛sts ❢♦r st♦❝❦s t♦ ✇❤✐❝❤ ✐♥✈❡st♦rs ❛r❡ ♣❛②✐♥❣ ♠♦r❡ ❛tt❡♥t✐♦♥ ✇❤❡♥ t❤❡r❡ ✐s ❣r❡❛t❡r
♣♦t❡♥t✐❛❧ t♦ ❣❡♥❡r❛t❡ tr❛❞✐♥❣✳ ❙❡❝♦♥❞✱ ❛♥❛❧②sts ♠❛② ✐ss✉❡ ❧❡ss ✐♥✢❛t❡❞ ❢♦r❡❝❛sts t♦ ✐♥✈❡st♦rs ✇❤♦ ❤❛✈❡
s♦✉❣❤t ❢♦r ♠♦r❡ ✜r♠✲❧❡✈❡❧ ✐♥❢♦r♠❛t✐♦♥ ✇❤❡♥ t❤❡② ❤❛✈❡ ❛ ❣r❡❛t❡r ❛❜✐❧✐t② t♦ ❡st❛❜❧✐s❤ ✇❤❡t❤❡r t❤❡ ❛♥❛❧②sts✬
✶❚❤✐s ✐s ❈♦r♦❧❧❛r② ✻ ♦❢ ❋❙✳
✷
❢♦r❡❝❛sts ❛r❡ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ✜r♠✬s ♣r♦s♣❡❝ts ♦r ❝♦♥s✐st❡♥t ✇✐t❤ ♦♣♣♦rt✉♥✐st✐❝ ❜❡❤❛✈✐♦r✱ s♦ t❤❛t t❤❡
❤✐❣❤❡r t❤❡ ❛❝q✉✐s✐t✐♦♥ ♦❢ ✐♥❢♦r♠❛t✐♦♥ ❛t t❤❡ ✜r♠ ❧❡✈❡❧ ❜② ✐♥✈❡st♦rs✱ t❤❡ ❧♦✇❡r t❤❡ ♦♣t✐♠✐s♠ ✐♥ ❛♥❛❧②sts✬
❢♦r❡❝❛sts✳ ■♥ ♦t❤❡r ✇♦r❞s✱ t❤❡ ❛♠♦✉♥t ♦❢ ✜r♠✲❧❡✈❡❧ ✐♥❢♦r♠❛t✐♦♥ ❝♦❧❧❡❝t❡❞ ❜② ✐♥✈❡st♦rs ✐s ✐♠♣♦rt❛♥t t♦
❞✐s❝✐♣❧✐♥❡ ❛♥❛❧②sts✳ ■ ✜♥❞ t❤❛t ❢♦r❡❝❛st ❜✐❛s ✐s ❤✐❣❤❡r ✇❤❡♥ ✜r♠✲❧❡✈❡❧ ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥ ❜② ✐♥✈❡st♦rs
✐♥❝r❡❛s❡s✱ ❢♦r st♦❝❦s ✇✐t❤ ♠♦r❡ ♣♦t❡♥t✐❛❧ ❢♦r tr❛❞✐♥❣ ❜✉s✐♥❡ss❡s✳ ▼♦r❡♦✈❡r✱ ❢♦r❡❝❛st ❜✐❛s ❞❡❝r❡❛s❡s ✇❤❡♥
✐♥✈❡st♦rs ❛❝q✉✐r❡ ♠♦r❡ ✜r♠✲❧❡✈❡❧ ✐♥❢♦r♠❛t✐♦♥✱ ❢♦r st♦❝❦s ❢♦❧❧♦✇❡❞ ❜② ✐♥✈❡st♦rs ✇✐t❤ ❛ ❣r❡❛t❡r ♣♦t❡♥t✐❛❧ ♦❢
✐❞❡♥t✐❢②✐♥❣ ✐♥✢❛t❡❞ ❢♦r❡❝❛sts✳ ❚❤✉s✱ t❤✐s r❡s❡❛r❝❤ ❤✐❣❤❧✐❣❤ts t❤❛t ❤✐❣❤❡r ✐♥✈❡st♦rs✬ r❡❛❞✐♥❣ ❛❝t✐✈✐t✐❡s ❛r❡
♥♦t r❡❧❛t❡❞ t♦ ❢♦r❡❝❛st ❜✐❛s ✐♥ ♦♥❡ ❡①❝❧✉s✐✈❡ ❞✐r❡❝t✐♦♥✱ ❛♥❞ ♠❛② ❞❡t❡r✐♦r❛t❡ ♦r ✐♠♣r♦✈❡ t❤❡ ❞❡❝✐s✐♦♥✲♠❛❦✐♥❣
♣r♦❝❡ss ♦❢ ♥❛✐✈❡ ✐♥✈❡st♦rs✳ ❆❧s♦✱ t❤✐s st✉❞② s❤♦✇s t❤❛t t❤❡ ❡✛❡❝ts ♦❢ ✐♥✈❡st♦rs✬ ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥
✐s ♥♦t tr✐✈✐❛❧ ❛s ♦♥❡ ✇♦✉❧❞ ❡①♣❡❝t✿ ✐♥✈❡st♦r s♦♣❤✐st✐❝❛t✐♦♥ ❛♥❞ ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥ ❛r❡ ♥♦t ❡q✉✐✈❛❧❡♥t
❝♦♥❝❡♣ts✱ ❛♥❞ t❤❡ ♠❡❝❤❛♥✐s♠ t❤r♦✉❣❤ ✇❤✐❝❤ t❤❡ ❞✐✛❡r❡♥❝❡s ✐♥ ✐♥✈❡st♦r s♦♣❤✐st✐❝❛t✐♦♥ ✐♥❞✉❝❡ ❣r❡❛t❡r ❢♦r❡✲
❝❛st ❜✐❛s✱ ✐s ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥ ❜② ❧❡ss s♦♣❤✐st✐❝❛t❡❞ ✐♥✈❡st♦rs✳
❚❤✐s ♣❛♣❡r ❛❞❞s t♦ t❤❡ ❡♠♣✐r✐❝❛❧ ❧✐t❡r❛t✉r❡ st✉❞②✐♥❣ ❛♥❛❧②st✬s tr❛❞❡✲♦✛s ♦❢ ❝❛r❡❡r ❝♦♥❝❡r♥s ❛♥❞ s❤♦rt✲
t❡r♠ ❜❡♥❡✜ts ✭❡✳❣✳ ❋❛♥❣ ❛♥❞ ❨❛s✉❞❛✱ ✷✵✵✾✮ ❛♥❞ ✐s ❛❧s♦ r❡❧❛t❡❞ ✇✐t❤ r❡s❡❛r❝❤ ♦♥ ♣r✐✈❛t❡ ✐♥✈❡st♦r✬s ✐♥❢♦r♠❛✲
t✐♦♥ ❛❝q✉✐s✐t✐♦♥ ✭❡✳❣✳ ❇❡♥✲❘❡♣❤❛❡❧✱ ❉❛ ❛♥❞ ■sr❛❡❧s❡♥✱ ✷✵✶✼❀ ❈❤✐ ❛♥❞ ❙❤❛♥t❤✐❦✉♠❛r✱ ✷✵✶✽✮✳ ❋✉rt❤❡r♠♦r❡✱
t❤✐s ♣❛♣❡r ❛❞❞s t♦ r❡s❡❛r❝❤ st✉❞②✐♥❣ t❤❡ r♦❧❡ ♦❢ ✐♥st✐t✉t✐♦♥❛❧ ✐♥✈❡st♦rs ♦♥ ❢♦r❡❝❛st ❛❝❝✉r❛❝② ✭❡✳❣✳ ▲❥✉♥❣q✈✐st
❡t ❛❧✳✱ ✷✵✵✼✮✳ ❚♦ st✉❞② ✐♥✈❡st♦rs ✇✐t❤ ❛ ❣r❡❛t❡r ❛❜✐❧✐t② t♦ ❡st❛❜❧✐s❤ ✇❤❡♥ ❛♥❛❧②sts✬ r❡♣♦rts ❛r❡ ❝♦♥s✐st❡♥t
✇✐t❤ t❤❡ ✜r♠✬s ♣❡r❢♦r♠❛♥❝❡✱ ❛♥❞ ❢♦❧❧♦✇✐♥❣ t❤❡ r❡s❡❛r❝❤ s❤♦✇✐♥❣ t❤❛t ✐♥st✐t✉t✐♦♥❛❧ ✐♥✈❡st♦rs ❛r❡ ♠♦r❡ s♦✲
♣❤✐st✐❝❛t❡❞ ✭❍✐❧❛r② ❛♥❞ ❍s✉✱ ✷✵✶✸❀ ❇♦❡❤♠❡r ❛♥❞ ❑❡❧❧❡②✱ ✷✵✵✾✮✱ ■ ✉s❡ st♦❝❦s ✐♥ t❤❡ ❤♦❧❞✐♥❣s ♦❢ ✐♥✈❡st♠❡♥t
♠❛♥❛❣❡rs ✇✐t❤ ♠♦r❡ t❤❛♥ ✶✵✵ ♠✐❧❧✐♦♥ ❯❙❉ ✐♥ ❡q✉✐t② ✉♥❞❡r ♠❛♥❛❣❡♠❡♥t✳ ❋✉rt❤❡r♠♦r❡✱ ■ ✉s❡ ✜r♠s ✐♥ t❤❡
❋✐♥❛♥❝✐❛❧s s❡❝t♦r✱ ✇❤✐❝❤ ■ ❛r❣✉❡✱ ✐ss✉❡ ❧❛r❣❡r ❛♠♦✉♥ts ♦❢ ❤❛r❞ ✐♥❢♦r♠❛t✐♦♥✳ ❆❧s♦✱ ■ ♠❡❛s✉r❡ ✐♥❢♦r♠❛t✐♦♥
❛❝q✉✐s✐t✐♦♥ ❜② ✐♥✈❡st♦rs ❜❛s❡❞ ♦♥ t❤❡ ❧❡✈❡❧ ♦❢ ❛❝t✐✈✐t② ❛t ❇❧♦♦♠❜❡r❣ ❚❡r♠✐♥❛❧s✱ ❝❛❧❝✉❧❛t✐♥❣ t❤❡ q✉❛rt❡r❧②
❝❤❛♥❣❡s ♦❢ ❞❛✐❧② ❛✈❡r❛❣❡s t❤❡ ✏◆❡✇s ❍❡❛t ✲ ❉❛✐❧② ▼❛① ❘❡❛❞❡rs❤✐♣✑ ✐♥❞❡① ♦❢ ❇❧♦♦♠❜❡r❣✳ ■♥ ♦r❞❡r t♦
❛♥❛❧②③❡ st♦❝❦s ✇✐t❤ ❛ ❣r❡❛t❡r ♣♦t❡♥t✐❛❧ ♦❢ tr❛❞✐♥❣✱ ■ ✉s❡ ✜r♠s ✐♥ t❤❡ ❈♦♥s✉♠❡r ●♦♦❞s s❡❝t♦r✱ ✇❤✐❝❤ ■
❛r❣✉❡✱ ❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ ❝❛❧❧ t❤❡ ❛tt❡♥t✐♦♥ ♦❢ ❛ ✇✐❞❡r ♣✉❜❧✐❝ ❛♥❞ ❤❛✈❡ ❝❤❛r❛❝t❡r✐st✐❝s t❤❛t ♠❛t❝❤ ❛ st♦r② ♦❢
✉♥❞❡r✈❛❧✉❛t✐♦♥ ✐♥ ❛♥❛❧②sts✬ r❡♣♦rts✱ t❤✉s st✐♠✉❧❛t✐♥❣ t❤❡ ✐♥t❡r❡st ♦❢ ❛ ❧❛r❣❡ ♥✉♠❜❡r ♦❢ ✐♥✈❡st♦rs✳ ■♥ ❛❞❞✐✲
t✐♦♥✱ ❛s ♥♦♥✲r♦❜♦t ❊❉●❆❘ ✉s❡rs t❡♥❞ t♦ ❜❡ r❡t❛✐❧ ✐♥✈❡st♦rs ✭❈❤✐ ❛♥❞ ❙❤❛♥t❤✐❦✉♠❛r✱ ✷✵✶✽❀ ▲♦✉❣❤r❛♥ ❛♥❞
▼❝❉♦♥❛❧❞✱ ✷✵✶✼❀ ❆st❤❛♥❛✱ ❇❛❧s❛♠ ❛♥❞ ❙❛♥❦❛r❛❣✉r✉s✇❛♠②✱ ✷✵✵✹✮✱ ❛♥❞ t❤❡ ❋■◆❘❆ ❋♦✉♥❞❛t✐♦♥✬s s✉r✈❡②
r❡s✉❧ts s❤♦✇ t❤❛t ♠❛♥② ✉s❡rs ♦❢ ♦♣❡♥ ❛❝❝❡ss s♦✉r❝❡s ♦❢ ✜♥❛♥❝✐❛❧ ✐♥❢♦r♠❛t✐♦♥ ❛r❡ ❧✐❦❡❧② t♦ ❜❡ ♥❛✐✈❡✱ ✇❤✐❝❤
✐s ✐♥ ❧✐♥❡ ✇✐t❤ t❤❡ ❢❛❝t t❤❛t s♠❛❧❧ ✐♥✈❡st♦rs ❛r❡ ♠♦r❡ r❡s♣♦♥s✐✈❡ t♦ ♦♣t✐♠✐st✐❝ r❡♣♦rts ✭▼✐❦❤❛✐❧✱ ❲❛❧t❤❡r
❛♥❞ ❲✐❧❧✐s✱ ✷✵✵✼✮✱ st✉❞②✐♥❣ t❤❡ ❝❤❛♥❣❡s ✐♥ s❡❛r❝❤❡s ❛t ❊❉●❆❘ ❢♦r t❤❡s❡ ✜r♠s✱ ❛❧❧♦✇s ♠❡ t♦ ❛♥❛❧②③❡ t❤❡
❞✐✛❡r❡♥t✐❛❧ ✐♥✢✉❡♥❝❡ ♦❢ ✐♥✈❡st♦rs✬ ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥ ♦♥ ❛♥❛❧②st ❢♦r❡❝❛st ❜✐❛s✱ ❢♦r ✐♥✈❡st♦rs ✇✐t❤ ❛
❤✐❣❤❡r ♣♦t❡♥t✐❛❧ t♦ ❣❡♥❡r❛t❡ tr❛❞✐♥❣✳ ❚❤❡r❡❢♦r❡✱ ■ ❛❧s♦ ❝❛❧❝✉❧❛t❡ t❤❡ q✉❛rt❡r❧② ❝❤❛♥❣❡s ♦❢ t❤❡ ♥✉♠❜❡r ♦❢
♥♦♥✲r♦❜♦t ❞♦✇♥❧♦❛❞s ♦❢ ❊❉●❆❘ ✜❧✐♥❣s ❢♦r ❡❛❝❤ st♦❝❦✳
✸
❚❤❡r❡ ❛r❡ s✐① s❡❝t✐♦♥s ✐♥ t❤✐s ♣❛♣❡r ✐♥❝❧✉❞✐♥❣ t❤❡ ✐♥tr♦❞✉❝t✐♦♥✳ ■♥ s❡❝t✐♦♥ t✇♦ ■ ❡①♣♦s❡ t❤❡ t❤❡♦r❡t✲
✐❝❛❧ ❛♥❞ ❡♠♣✐r✐❝❛❧ ❧✐t❡r❛t✉r❡ r❡❧❛t❡❞ t♦ ✐♥✢❛t❡❞ ❢♦r❡❝❛sts✱ s♦♣❤✐st✐❝❛t✐♦♥ ❛♥❞ ✐♥✈❡st♦r r❡❛❝t✐♦♥ t♦ ❛♥❛❧②st
r❡♣♦rts✳ ❆❢t❡r✇❛r❞s✱ ✐♥ s❡❝t✐♦♥ t❤r❡❡✱ ■ ❞❡s❝r✐❜❡ t❤❡ ❞❛t❛ ❛♥❞ t❤❡ ✈❛r✐❛❜❧❡s✳ ■♥ s❡❝t✐♦♥s ❢♦✉r ❛♥❞ ✜✈❡ ■
❡①♣❧❛✐♥ t❤❡ ❡♠♣✐r✐❝❛❧ str❛t❡❣② ❛♥❞ t❤❡ r❡s✉❧ts r❡s♣❡❝t✐✈❡❧②✳ ❋✐♥❛❧❧②✱ ✐♥ s❡❝t✐♦♥ s✐① ■ ❝♦♥❝❧✉❞❡✳
✷ ❊♠♣✐r✐❝❛❧ ❙tr❛t❡❣②
■ t❡st ❢♦r t✇♦ ♣♦ss✐❜❧❡ st♦r✐❡s✳ ❋✐rst✱ t❤❡ ❛♠♦✉♥t ♦❢ ✜r♠✲❧❡✈❡❧ ✐♥❢♦r♠❛t✐♦♥ ✐♥ t❤❡ ❤❛♥❞s ♦❢ ✐♥✈❡st♦rs ♠❛②
❤❡❧♣ r❡❞✉❝❡ ❢♦r❡❝❛st ❜✐❛s✱ s✐♥❝❡ ❛♥❛❧②sts ♠✉st ✐ss✉❡ ♠♦r❡ ♣r❡❝✐s❡ ❢♦r❡❝❛sts t♦ ❦❡❡♣ ✐♥✈❡st♦rs r❡s♣♦♥s✐✈❡ t♦
t❤❡✐r r❡♣♦rts✱ ✇❤❡♥ t❤❡② ❤❛✈❡ s♦✉❣❤t ❢♦r ♠♦r❡ ✜r♠✲❧❡✈❡❧ ✐♥❢♦r♠❛t✐♦♥✳ ❚❤❡♥✱ t❤❡ ❤✐❣❤❡r t❤❡ ❛❝q✉✐s✐t✐♦♥ ♦❢
✐♥❢♦r♠❛t✐♦♥ ❛t t❤❡ ✜r♠ ❧❡✈❡❧ ❜② ✐♥✈❡st♦rs✱ t❤❡ ❧♦✇❡r t❤❡ ❜✐❛s ✐♥ ❛♥❛❧②sts✬ ❢♦r❡❝❛sts✳ ❇② ❝♦♥tr❛st✱ ✐❢ ❣r❡❛t❡r
❛♠♦✉♥ts ♦❢ ✜r♠✲❧❡✈❡❧ ✐♥❢♦r♠❛t✐♦♥ s♦✉❣❤t ❜② ✐♥✈❡st♦rs ✐s ✐♥t❡r♣r❡t❡❞ ❜② ❛♥❛❧②sts ❛s ✐♥✈❡st♦rs ❤❛✈✐♥❣ ♠♦r❡
✐♥t❡r❡st ♦♥ s♦♠❡ st♦❝❦s✱ t❤❡♥ ❛♥❛❧②sts ♠❛② ✐ss✉❡ ♠♦r❡ ♦♣t✐♠✐st✐❝ ✭✐♥✢❛t❡❞✮ ❢♦r❡❝❛sts ✐♥ ♦r❞❡r t♦ ❣❡♥❡r❛t❡
♠♦r❡ ❝♦♠♠✐ss✐♦♥s ❢♦r t❤❡✐r ❜r♦❦❡r❛❣❡ ❤♦✉s❡s✳
▼② s♣❡❝✐✜❝❛t✐♦♥ ✐s t❤❡ ❢♦❧❧♦✇✐♥❣✿







+xi,t−5θ + hi,t−4ω + λt + εi,t
✭✶✮
✇❤❡r❡ ci ✐s ❛ st♦❝❦✲❧❡✈❡❧ ✉♥♦❜s❡r✈❡❞ ❡✛❡❝t✱ λt ❛r❡ t✐♠❡ ❡✛❡❝ts ❝♦♠♠♦♥ t♦ ❛❧❧ ✜r♠s ❛♥❞ εi,t ✐s t❤❡ ❡rr♦r
t❡r♠✳ ▼② ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐s t❤❡ q✉❛rt❡r❧② ❢♦r❡❝❛st ❜✐❛s ✐♥ t❡r♠s ♦❢ ♦♣t✐♠✐s♠ ✐♥ t❛r❣❡t ♣r✐❝❡s✳ ❋♦r ❡❛❝❤




✇❤❡r❡ TPi,t−4 ✐s t❤❡ ❝♦♥s❡♥s✉s ❢♦r❡❝❛st ♦r t❛r❣❡t ♣r✐❝❡✱ ✐ss✉❡❞ ❛t t❤❡ ❡♥❞ ♦❢ t❤❡ q✉❛rt❡r t− 4 ❢♦r t❤❡ ♥❡①t
✹ q✉❛rt❡rs ♦♥ st♦❝❦ i ❛♥❞ Pi,t ✐s t❤❡ st♦❝❦ ♣r✐❝❡ ❛t t❤❡ ❡♥❞ ♦❢ t❤❡ q✉❛rt❡r t✳ ◆♦t✐❝❡ t❤❛t yi,t ✐s ❛ ✈❡r②
✐♥t✉✐t✐✈❡ ♠❡❛s✉r❡ ♦❢ ♦♣t✐♠✐s♠ s✐♥❝❡ ✐t ❡q✉❛❧s t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ♣r♦❥❡❝t❡❞ ❣r♦✇t❤ ✐♥ ♣r✐❝❡
TPi,t−4
Pt−4




❆s ❝❤❛♥❣❡s ✐♥ ❛❣❣r❡❣❛t❡ ❡❝♦♥♦♠✐❝ ❛❝t✐✈✐t② ♠❛② ✐♥❞✉❝❡ ❝❤❛♥❣❡s ✐♥ ❢♦r❡❝❛st ♦♣t✐♠✐s♠✱ ■ ✐♥s♣❡❝t t❤❡
❜❡❤❛✈✐♦r ♦❢ t❤❡ ♠❛r❦❡t ❢♦r❡❝❛st ❜✐❛s t❤r♦✉❣❤ t✐♠❡✳ ■♥ ✜❣✉r❡ ✶✱ ■ s❤♦✇ ♣❡r✐♦❞s ♦❢ ❧♦✇ ❡❝♦♥♦♠✐❝ ❛❝t✐✈✐t②
✹
✭s❤❛❞❡❞ ❛r❡❛s✮✱ ❡st✐♠❛t❡❞ ❛s t❤❡ q✉❛rt❡rs ❞✉r✐♥❣ ✇❤✐❝❤ t❤❡ ❈❤✐❝❛❣♦ ❋❡❞ ◆❛t✐♦♥❛❧ ❆❝t✐✈✐t② ■♥❞❡① ✭❈❋✲
◆❆■✮ ✇❡♥t ❢r♦♠ ♣♦s✐t✐✈❡ t♦ ♥❡❣❛t✐✈❡✷✳ ❋♦r ❡❛❝❤ q✉❛rt❡r✱ ■ ❝❛❧❝✉❧❛t❡ t❤❡ ♠❛r❦❡t ✭❡q✉❛❧❧② ✇❡✐❣❤t❡❞✮ ❢♦r❡❝❛st
❜✐❛s ❛s t❤❡ ❝r♦ss✲s❡❝t✐♦♥❛❧ ❛✈❡r❛❣❡ ♦❢ t❤❡ ❢♦r❡❝❛st ❜✐❛s ✭❜❧❛❝❦ s♦❧✐❞ ❧✐♥❡✮✳ ❆s ✇❡ ❝❛♥ s❡❡ ❢r♦♠ t❤❡ ✜❣✉r❡✱
t❤❡r❡ ❛r❡ ♥♦ tr❡♥❞s ✐♥ t❤❡ ❛❣❣r❡❣❛t❡ ❜✐❛s ♦r ♣❛tt❡r♥s ♦❢ ❜❡❤❛✈✐♦r ❞✉r✐♥❣ q✉❛rt❡rs ♦❢ ❧♦✇❡r ❡❝♦♥♦♠✐❝ ❛❝t✐✈✐t②✳
❋✐❣✉r❡ ✶✿ ▼❛r❦❡t ❢♦r❡❝❛st ❜✐❛s ❝❛❧❝✉❧❛t❡❞ ❛s t❤❡ ❝r♦ss✲s❡❝t✐♦♥❛❧ ❛✈❡r❛❣❡ ♦❢ t❤❡ ❢♦r❡❝❛st ❜✐❛s❡s✳ ❘❡❞ ❞❛s❤❡❞
❧✐♥❡s r❡♣r❡s❡♥t ♦♥❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ❢r♦♠ t❤❡ ♠❡❛♥✳ ❙❤❛❞❡❞ ❛r❡❛s ❛r❡ q✉❛rt❡rs ❞✉r✐♥❣ ✇❤✐❝❤ t❤❡ ❈❤✐❝❛❣♦
❋❡❞ ◆❛t✐♦♥❛❧ ❆❝t✐✈✐t② ■♥❞❡① ✭❈❋◆❆■✮ ✇❡♥t ❢r♦♠ ♣♦s✐t✐✈❡ t♦ ♥❡❣❛t✐✈❡ ✉♥t✐❧ t❤❡ ✜rst q✉❛rt❡r ♦❢ ✷✵✶✼✳
✷✳✶ ■♥❢♦r♠❛t✐♦♥ ❆❝q✉✐s✐t✐♦♥
▼② ✐♥❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ♦❢ ✐♥t❡r❡st ∆BNHi,t−4✱ ❝♦rr❡s♣♦♥❞s t♦ ❝❤❛♥❣❡s ✐♥ ✐♥✈❡st♦rs✬ ✐♥❢♦r♠❛t✐♦♥ ❣❛t❤❡r✲
✐♥❣✱ ❛♥❞ ❡q✉❛❧s t❤❡ ❞②♥❛♠✐❝ ❝❤❛♥❣❡ ✐♥ t❤❡ q✉❛rt❡r❧② ❛✈❡r❛❣❡ ♦❢ t❤❡ ✏◆❡✇s ❍❡❛t ✲ ❉❛✐❧② ▼❛① ❘❡❛❞❡rs❤✐♣✑
✐♥❞❡① ♦❢ ❇❧♦♦♠❜❡r❣✿
∆BNHi,t−4 = BNHi,t−4 −BNHi,t−5
✇❤❡r❡ BNHi,t−4 ✐s t❤❡ ❞❛✐❧② ❛✈❡r❛❣❡ ♦❢ t❤❡ ❇❧♦♦♠❜❡r❣✬s ✐♥❞❡① ❞✉r✐♥❣ q✉❛rt❡r t−4✳ ■ ❛r❣✉❡ t❤❛t ❛❝t✐✈✐t✐❡s
❛t ❇❧♦♦♠❜❡r❣ t❡r♠✐♥❛❧s ❝❛♣t✉r❡ t❤❡ ✐♥❢♦r♠❛t✐♦♥ ❣❛t❤❡r✐♥❣ ❜② ✐♥✈❡st♦rs✳ ❚❤❡ ✏◆❡✇s ❍❡❛t ✲ ❉❛✐❧② ▼❛①
❘❡❛❞❡rs❤✐♣✑ ✐♥❞❡① ✭BNH✮ ✐s ❝♦♥str✉❝t❡❞ ❜② ❇❧♦♦♠❜❡r❣ ❜❛s❡❞ ✉♣♦♥ t❤❡ ✏♥✉♠❜❡r ♦❢ t✐♠❡s ❡❛❝❤ ❛rt✐❝❧❡ ✐s
r❡❛❞ ❜② ✐ts ✉s❡rs✱ ❛s ✇❡❧❧ ❛s t❤❡ ♥✉♠❜❡r ♦❢ t✐♠❡s ✉s❡rs s❡❛r❝❤ ❢♦r ♥❡✇s ❢♦r ❛ s♣❡❝✐✜❝ st♦❝❦✑ ✭❇❡♥✲❘❡♣❤❛❡❧✱
❉❛ ❛♥❞ ■sr❛❡❧s❡♥✱ ✷✵✶✼✮ ❛♥❞ t❛❦❡s ❤✐❣❤❡r ✈❛❧✉❡s ❢♦r ❤✐❣❤❡r ❧❡✈❡❧s ♦❢ r❡❛❞❡rs ❛❝t✐✈✐t② ❣♦✐♥❣ ❢r♦♠ ✵ t♦ ✹✳ ❆s
✷❚❤❡ ❈❋◆❆■ ✐s ❛ ✏♠♦♥t❤❧② ✐♥❞❡① ❞❡s✐❣♥❡❞ t♦ ❣❛✉❣❡ ♦✈❡r❛❧❧ ❡❝♦♥♦♠✐❝ ❛❝t✐✈✐t② ❛♥❞ r❡❧❛t❡❞ ✐♥✢❛t✐♦♥❛r② ♣r❡ss✉r❡✑ ✐♥ t❤❡
❯✳❙✳ ■t ✐s ❝♦♥str✉❝t❡❞ t♦ ❤❛✈❡ ❛♥ ❛✈❡r❛❣❡ ✈❛❧✉❡ ♦❢ ③❡r♦ ❛♥❞ ❛ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦❢ ♦♥❡✳ ❆ ♥❡❣❛t✐✈❡ ✐♥❞❡① r❡❛❞✐♥❣ ❝♦rr❡s♣♦♥❞s
t♦ ❣r♦✇t❤ ❜❡❧♦✇ tr❡♥❞✳
✺
❞♦❝✉♠❡♥t❡❞ ❜② ❇❡♥✲❘❡♣❤❛❡❧✱ ❉❛✱ ❛♥❞ ■sr❛❡❧s❡♥ ✭✷✵✶✼✮✱ ❛s ♦❢ ❆✉❣✉st ✷✻✱ ✷✵✶✻✱ ❛r♦✉♥❞ ✽✵✪ ♦❢ ❇❧♦♠♠❜❡r❣
❚❡r♠✐♥❛❧ ✉s❡rs ✇♦r❦❡❞ ✐♥ ✜♥❛♥❝✐❛❧ ✐♥❞✉str✐❡s ✭✐♥❝❧✉❞✐♥❣ ❜❛♥❦✐♥❣✱ ❛ss❡t ♠❛♥❛❣❡♠❡♥t✱ ❛♥❞ ✐♥st✐t✉t✐♦♥❛❧
✜♥❛♥❝✐❛❧ s❡r✈✐❝❡s✮ ✇✐t❤ ✸✷✪ ♦❢ t❤❡ ❥♦❜ t✐t❧❡s ❜❡✐♥❣ ♣♦rt❢♦❧✐♦ ♠❛♥❛❣❡rs ♦r tr❛❞❡rs✱ ✶✾✪ ♣r❡s✐❞❡♥ts ♦r ❞✐r❡❝✲
t♦rs✱ ❛♥❞ ♦♥❧② ✶✼✪ ❜❡✐♥❣ ❛♥❛❧②sts✱ ✐♥❝❧✉❞✐♥❣ ❜✉②✲s✐❞❡ ✭✇❤♦ ✉s❡ s❡❧❧✲s✐❞❡ ❛♥❛❧②sts ✈❛❧✉❛t✐♦♥s ❛♥❞ ❛❞✈✐s❡
♣♦rt❢♦❧✐♦ ♠❛♥❛❣❡rs ♣r✐✈❛t❡❧② ♦♥❧②✮ ❛♥❞ s❡❧❧✲s✐❞❡ ♦♥❡s✳ ■ s❤♦✇ ✐♥ t❛❜❧❡s ✶ ❛♥❞ ✷ t❤❛t t❤✐s ✐♥❞❡① ✐s ♥♦t ❝♦r✲
r❡❧❛t❡❞ t♦ ❛♥❛❧②sts ❢♦r❡❝❛st r❡✈✐s✐♦♥s✳ ■♥ t❛❜❧❡ ✶ ■ s❤♦✇ t❤❡ t❡sts ♦❢ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ ❢♦r❡❝❛st ✉♣❞❛t❡s
✭TPi,t − TPi,t−1✮ ❛♥❞ ∆BNH✱ ❢r♦♠ ✇❤✐❝❤ ✇❡ ❝❛♥♥♦t ✜♥❞ ❡✈✐❞❡♥❝❡ ♦❢ ❝♦rr❡❧❛t✐♦♥✳ ■♥ ❛❞❞✐t✐♦♥✱ ✐♥ t❛❜❧❡
✷ ■ s❤♦✇ t❤❡ r❡s✉❧ts ♦❢ ❛ ❞②♥❛♠✐❝ ❧✐♥❡❛r ♣r♦❜❛❜✐❧✐t② ♠♦❞❡❧✱ ✐♥ ✇❤✐❝❤ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐s ❛ ❞✉♠♠②
D
update
i,t t❤❛t t❛❦❡s t❤❡ ✈❛❧✉❡ ♦❢ ♦♥❡ ✇❤❡♥❡✈❡r t❤❡ ❝❤❛♥❣❡s ✐♥ st♦❝❦ ♣r✐❝❡ ❢♦r❡❝❛sts ❛r❡ ❧❡ss t❤❛♥ ③❡r♦✳ ❲❤✐❧❡
t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❛ ❞♦✇♥✇❛r❞ ❢♦r❡❝❛st r❡✈✐s✐♦♥ ❛♥❞ ∆epsi,t−1 ✐s ♥❡❣❛t✐✈❡✱ ❢r♦♠
t❤✐s r❡❣r❡ss✐♦♥ ✐s ♥♦t ♣♦ss✐❜❧❡ t♦ r❡❥❡❝t t❤❡ ♥✉❧❧ ❤②♣♦t❤❡s✐s ♦❢ ③❡r♦ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ ❢♦r❡❝❛st ✉♣❞❛t❡s
❛♥❞ ∆BNHi,t ♦r ∆BNHi,t−1✳ ❆❞❞❡❞ t♦ t❤❡ ❢❛❝t t❤❛t ♠♦st ♦❢ ❇❧♦♦♠❜❡r❣ ❚❡r♠✐♥❛❧ ✉s❡rs ❛r❡ ✐♥ ❥♦❜s
r❡❧❛t❡❞ t♦ t❤❡ ❜✉② s✐❞❡ ✭♣♦rt❢♦❧✐♦ ♠❛♥❛❣❡rs✱ tr❛❞❡rs✱ ❡t❝✳✮✱ t❤❡s❡ st❛t✐st✐❝s r❡✐♥❢♦r❝❡ t❤❡ ✐❞❡❛ t❤❛t t❤❡ ✏
◆❡✇s ❍❡❛t✑ ✐♥❞❡① ❝❛♣t✉r❡s t❤❡ ✐♥❢♦r♠❛t✐♦♥ ❣❛t❤❡r✐♥❣ ❜② ✐♥✈❡st♦rs✳
❚❛❜❧❡ ✶✿ ❈♦rr❡❧❛t✐♦♥s ❇❡t✇❡❡♥ ❋♦r❡❝❛st ❈❤❛♥❣❡s ❛♥❞ ∆BNH
❋♦r❡❝❛st ❝❤❛♥❣❡s ❛r❡ TPi,t − TPi,t−1✳
s❛♠♣❧❡ ❡st✐♠❛t❡s t ♣✲✈❛❧✉❡ ✾✺✪ ♣❡r❝❡♥t ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧
∆BNHi,t ✵✳✵✵✺✾✶✵✶✶✺ ✶✳✷✻✹✸ ✵✳✷✵✻✶ ✲✵✳✵✵✸✷ ✲ ✵✳✵✶✺✶
∆BNHi,t−1 ✲✵✳✵✵✼✶✼✸✼✵✼ ✲✶✳✺✸✹✼ ✵✳✶✷✹✾ ✲✵✳✵✶✻✸ ✲ ✵✳✵✵✶✾✽✽
❚❛❜❧❡ ✷✿ ▲✐♥❡❛r Pr♦❜❛❜✐❧✐t② ▼♦❞❡❧✳







i,t−3 ❀ ❢♦r ∆BNHi,t ✐ts ❧❛❣s ❢r♦♠ t− 2 t♦ t− 5✳ ❚❤❡ ❆r❡❧❧❛♥♦✲❇♦♥❞ ♠✲st❛t✐st✐❝s ❢♦r ✜rst ❛♥❞ s❡❝♦♥❞✲♦r❞❡r

















❆✲❇ ♠✲st❛t✐st✐❝ ✭✶st ✮✿ −✷✹✳✻✽✼✸ ✭p✲value ≤ ✷✳✷✷❡✲✶✻✮
❆✲❇ ♠✲st❛t✐st✐❝ ✭✷♥❞ ✮✿ −✵✳✾✹✻✶ ✭p✲value ❂ ✵✳✸✹✹✵✼✮
■ ❛❧s♦ ❧♦♦❦ ❛t t❤❡ ❜❡❤❛✈✐♦r ♦❢ t❤❡ BNH t❤r♦✉❣❤ t✐♠❡ ✐♥ ✜❣✉r❡ ✷✳ ❙♣❡❝✐✜❝❛❧❧②✱ ❢♦r ❡❛❝❤ ❞❛② ♦❢ t❤❡
❛✈❛✐❧❛❜❧❡ ❞❛t❛✱ ■ ❝❛❧❝✉❧❛t❡ t❤❡ ❝r♦ss✲s❡❝t✐♦♥❛❧ ❛✈❡r❛❣❡ ♦❢ t❤❡ BNH ♦r t❤❡ ♠❛r❦❡t ✭❡q✉❛❧❧② ✇❡✐❣❤t❡❞✮ BNH
✐♥❞❡①✳ ❆❧s♦✱ ✐♥ ✜❣✉r❡ ✷ ■ s❤♦✇ t❤❡ ❈❜♦❡ ❱♦❧❛t✐❧✐t② ■♥❞❡① ✭❱■❳✮✱ ✇❤✐❝❤ ✐s ❞❡s✐❣♥❡❞ t♦ ♣r♦❞✉❝❡ ❛ ♠❡❛s✉r❡
✻
♦❢ ❝♦♥st❛♥t✱ ✸✵✲❞❛② ❡①♣❡❝t❡❞ ✈♦❧❛t✐❧✐t② ♦❢ t❤❡ ❯✳❙✳ st♦❝❦ ♠❛r❦❡t✳ ❙✐♥❝❡ t❤❡ ✐♥❞❡① ❢♦r ♥❡✇s s❡❡❦✐♥❣ ❝♦✉❧❞
❜❡ ❝❛♣t✉r✐♥❣ ❝❤❛♥❣❡s ✐♥ t❤❡ ✉♥❝❡rt❛✐♥t② ❛♥❞ ✈♦❧❛t✐❧✐t② ♦❢ t❤❡ st♦❝❦ ♠❛r❦❡t✱ ✐t ✐s ✐♥t❡r❡st✐♥❣ t♦ ❛♥❛❧②③❡
✇❤❡t❤❡r t❤❡s❡ t✇♦ ✈❛r✐❛❜❧❡s ❤♦❧❞ ❛♥ ♦❜✈✐♦✉s r❡❧❛t✐♦♥✳ ❆s ✇❡ ❝❛♥ s❡❡ ❢r♦♠ t❤❡ ✜❣✉r❡✱ t❤❡r❡ ❛r❡ ♥♦ s✉❣✲
❣❡st✐✈❡ ♣❛tt❡r♥s ❜❡t✇❡❡♥ t❤❡ st♦❝❦ ♠❛r❦❡t ✈♦❧❛t✐❧✐t② ❛♥❞ t❤❡ BNH ✐♥❞❡①✳ ▼♦r❡♦✈❡r✱ ❢♦r ❡❛❝❤ t✐♠❡ s❡r✐❡s✱
t❤❡ ❆✉❣♠❡♥t❡❞✲❉✐❝❦❡② ❋✉❧❧❡r t❡st r❡❥❡❝ts t❤❡ ❤②♣♦t❤❡s✐s t❤❛t t❤❡s❡ ❛r❡ ♥♦♥✲st❛t✐♦♥❛r② ❛t t❤❡ ✶✪ ❧❡✈❡❧ ♦❢
s✐❣♥✐✜❝❛♥❝❡✱ ❛♥❞ t❤❡ ●r❛♥❣❡r t❡st ❞♦❡s ♥♦t r❡❥❡❝t t❤❡ ❤②♣♦t❤❡s✐s t❤❛t t❤❡r❡ ✐s ♥♦ ●r❛♥❣❡r✲❝❛✉s❛❧✐t② ✇✐t❤
❧❛❣s ♦❢ ✸✵ ❛♥❞ ✶✷✵ ❞❛②s✳
❋✐❣✉r❡ ✷✿ ❉❛✐❧② ♠❛r❦❡t ❇◆❍ ✭❜❧✉❡✮✱ ❈❜♦❡ ❱♦❧❛t✐❧✐t② ■♥❞❡①✱ ❱■❳ ✭r❡❞✮✱ ❛♥❞ ✸✵✲❞❛② ♠♦✈✐♥❣ ❛✈❡r❛❣❡s ✭❜❧❛❝❦✮
❢r♦♠ ✷✵✶✶✲✶✷✲✸✵ t♦ ✷✵✶✽✲✵✸✲✷✵✳
■ ✐♥❝❧✉❞❡ ❛♠♦♥❣ ♠② ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡s ∆edgari,t−4✱ ✇❤✐❝❤ ✐s t❤❡ q✉❛rt❡r❧② ❝❤❛♥❣❡ ♦❢ t❤❡ ♥✉♠❜❡r ♦❢
♥♦♥✲r♦❜♦t ❞♦✇♥❧♦❛❞s ♦❢ ❊❉●❆❘ ✜❧✐♥❣s ❢r♦♠ ❙❊❈✳❣♦✈ ❢♦r ❡❛❝❤ st♦❝❦✳ ▼♦r❡ ♣r❡❝✐s❡❧②✱ ❢♦r ❡❛❝❤ st♦❝❦✱ ■ ❛❞❞
✉♣ t❤❡ ♥✉♠❜❡r ♦❢ ❞♦✇♥❧♦❛❞s r❡❣✐st❡r❡❞ ✐♥ ♦♥❡ ❞❛②✳ ❲✐t❤ t❤❡ ❞❛✐❧② ❞❛t❛✱ ■ ✉s❡ t❤❡ ❛✈❡r❛❣❡ ♦❢ ❞♦✇♥❧♦❛❞s
♦❢ t❤❡ r❡s♣❡❝t✐✈❡ q✉❛rt❡r ❢♦r t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ st♦❝❦✳ ■ ✐❞❡♥t✐❢② t❤❡ t✐❝❦❡rs ♦❢ t❤❡ st♦❝❦s ❢r♦♠ t❤❡✐r ❈■❑
❝♦❞❡s✸ ❛♥❞ ♥❛♠❡ t❤✐s ✈❛r✐❛r✐❛❜❧❡ ❛s edgari,t✱ t❤✉s✱ t❤❡ q✉❛rt❡r❧② ❝❤❛♥❣❡ ■ ✉s❡ ✐s
∆edgari,t−4 = edgari,t−4 − edgari,t−5
■♥ t❤❡ ❢♦❧❧♦✇✐♥❣ t❛❜❧❡ ■ s❤♦✇ ❛s ❜❡❢♦r❡✱ t❤❡ r❡s✉❧ts ♦❢ ❛ ❞②♥❛♠✐❝ ❧✐♥❡❛r ♣r♦❜❛❜✐❧✐t② ♠♦❞❡❧✱ ✐♥ ✇❤✐❝❤
t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐s ❛ ❞✉♠♠② Dupdatei,t t❤❛t t❛❦❡s t❤❡ ✈❛❧✉❡ ♦❢ ♦♥❡ ✇❤❡♥❡✈❡r t❤❡ ❝❤❛♥❣❡s ✐♥ st♦❝❦
♣r✐❝❡ ❢♦r❡❝❛sts ❛r❡ ❧❡ss t❤❛♥ ③❡r♦✳ ❙✐♠✐❧❛r t♦ t❤❡ r❡❣r❡ss✐♦♥ ✐♥ t❛❜❧❡ ✷✱ t❤❡ ❡st✐♠❛t❡ ♦♥ ∆epsi,t−1 ✐s st❛✲
t✐st✐❝❛❧❧② ♥❡❣❛t✐✈❡✱ ❛♥❞ t❤❡ ❡st✐♠❛t❡s ♦♥ ∆edgari,t ❛♥❞ ∆edgari,t−1 ❛r❡ ♥♦t st❛t✐st✐❝❛❧❧② ❞✐✛❡r❡♥t t❤❛♥ ③❡r♦✳
✸❤tt♣s✿✴✴✇✇✇✳s❡❝✳❣♦✈✴✐♥❝❧✉❞❡✴t✐❝❦❡r✳t①t
✼
❚❛❜❧❡ ✸✿ ▲✐♥❡❛r Pr♦❜❛❜✐❧✐t② ▼♦❞❡❧✳







i,t−3 ❀ ❢♦r ∆edgari,t ✐ts ❧❛❣s ❢r♦♠ t− 2 t♦ t− 5✳ ❚❤❡ ❆r❡❧❧❛♥♦✲❇♦♥❞ ♠✲st❛t✐st✐❝s ❢♦r ✜rst ❛♥❞ s❡❝♦♥❞✲♦r❞❡r

















❆✲❇ ♠✲st❛t✐st✐❝ ✭✶st ✮✿ −✸✷✳✹✶✸✹✾ ✭p✲value ≤ ✷✳✷✷❡✲✶✻✮
❆✲❇ ♠✲st❛t✐st✐❝ ✭✷♥❞ ✮✿ −✵✳✻✼✶✽✹✾ ✭p✲value ❂ ✵✳✺✵✶✻✽✮
■ ✉s❡ ∆edgari,t−4 ✐♥ ♦r❞❡r t♦ ❝❛♣t✉r❡ ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥ ❜② ♥♦♥✲r♦❜♦t ♥♦♥✲✐♥st✐t✉t✐♦♥❛❧ ✐♥✈❡st♦rs
✇❤♦ ❛r❡ ❧✐❦❡❧② t♦ ❜❡ ❧❡ss s♦♣❤✐st✐❝❛t❡❞ t❤❛♥ t❤♦s❡ ❝❛♣t✉r❡❞ ❜② ❇❧♦♦♠❜❡r❣ s❡❛r❝❤❡s✹✳ ❚❤❡ ■♥✈❡st♦r ❙✉r✈❡②
♦❢ t❤❡ ❋■◆❘❆ ❋♦✉♥❞❛t✐♦♥✬s ✷✵✶✽ ◆❛t✐♦♥❛❧ ❋✐♥❛♥❝✐❛❧ ❈❛♣❛❜✐❧✐t② ❙t✉❞② s❤♦✇s t❤❛t ✇❤✐❧❡ ✐t ✐s tr✉❡ t❤❛t
❢r❡❡ ♦♥❧✐♥❡ s❡r✈✐❝❡s ♣r♦✈✐❞❡ ♠❛♥② ✐♥✈❡st♦rs ✭✹✹✪ ♦❢ r❡s♣♦♥❞❡♥ts✮ ✇✐t❤ ✐♥❢♦r♠❛t✐♦♥ ♣♦t❡♥t✐❛❧❧② ✉s❡❢✉❧ ❢♦r
t❤❡✐r ❞❡❝✐s✐♦♥s✱ ♠❛♥② ♦❢ t❤❡ ✉s❡rs ♦❢ t❤❡s❡ ♦♣❡♥ ❛❝❝❡ss s♦✉r❝❡s ♦❢ ✜♥❛♥❝✐❛❧ ✐♥❢♦r♠❛t✐♦♥ ❛r❡ ❧✐❦❡❧② t♦ ❜❡
♠♦r❡ ♥❛✐✈❡ ♦r ❧❡ss s♦♣❤✐st✐❝❛t❡❞✱ ❛s ✶✸✳✹✪ ♦❢ t❤❡♠ t❤✐♥❦ t❤❡② ❞♦ ♥♦t ♣❛② ❛♥② ❦✐♥❞ ♦❢ ❢❡❡ ❢♦r ✐♥✈❡st✐♥❣✱
✾✳✼✺✪ ❞♦ ♥♦t ❦♥♦✇ ❤♦✇ ♠✉❝❤ t❤❡② ♣❛② ❛♥❞ ✷✽✱✼✪ ❞♦ ♥♦t ❦♥♦✇ ✇❤❡t❤❡r ❛♥② ♦❢ t❤❡✐r ✐♥✈❡st♠❡♥t ❛❝❝♦✉♥ts
❛❧❧♦✇ t❤❡♠ t♦ ♠❛❦❡ ♣✉r❝❤❛s❡s ♦♥ ♠❛r❣✐♥✳ ❚❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ♥✉♠❜❡rs✱ ❢♦r t❤♦s❡ ✇❤♦ r❡♣♦rt❡❞ ✉s✐♥❣ ♣❛✐❞
s✉❜s❝r✐♣t✐♦♥ s❡r✈✐❝❡s ❞✐♠✐♥✐s❤ t♦ ✶✵✳✶✪✱ ✺✳✷✪ ❛♥❞ ✶✷✳✼✪✳ ❉❛✱ ❊♥❣❡❧❜❡r❣ ❛♥❞ ●❛♦ ✭✷✵✶✶✮✱ ❛r❣✉❡ t❤❛t ✐♥st✐✲
t✉t✐♦♥❛❧ ✐♥✈❡st♦rs ❛❝❝❡ss ✐♥❢♦r♠❛t✐♦♥ s❡r✈✐❝❡s t❤❛t ❛r❡ ♠♦r❡ s♦♣❤✐st✐❝❛t❡❞✱ s✉❝❤ ❛s ❘❡✉t❡rs ♦r ❇❧♦♦♠❜❡r❣
t❡r♠✐♥❛❧s✱ ✇❤❡r❡❛s ❧❡ss s♦♣❤✐st✐❝❛t❡❞ ✐♥✈❡st♦rs ❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ ♦❜t❛✐♥ ✜♥❛♥❝✐❛❧ ✐♥❢♦r♠❛t✐♦♥ ❢r♦♠ ❢r❡❡
s♦✉r❝❡s✱ ✇❤✐❝❤ ✐s ✐♥ ❧✐♥❡ ✇✐t❤ ❇❡♥✲❘❡♣❤❛❡❧✱ ❉❛ ❛♥❞ ■sr❛❡❧s❡♥ ✭✷✵✶✼✮ ✇❤♦ ✜♥❞ t❤❛t t❤❡✐r ♠❡❛s✉r❡ ♦❢ ✐♥st✐✲
t✉t✐♦♥❛❧ ✐♥✈❡st♦r ❛tt❡♥t✐♦♥✱ ❜❛s❡❞ ♦♥ ❇❧♦♦♠❜❡r❣ s❡❛r❝❤❡s✱ ❧❡❛❞s r❡t❛✐❧ ❛tt❡♥t✐♦♥ ❜✉t ♥♦t ✈✐❝❡ ✈❡rs❛✳ ❚❤❡
❛♥❛❧②s✐s ♦❢ t❤❡ tr❛✣❝ st❛t✐st✐❝s ❛t t❤❡ ❊❉●❆❘ s②st❡♠ ❝❛rr✐❡❞ ♦✉t ❜② ▲♦✉❣❤r❛♥ ❛♥❞ ▼❝❉♦♥❛❧❞ ✭✷✵✶✼✮✱
s❤♦✇s t❤❛t ♥♦♥✲r♦❜♦t ✐♥✈❡st♦rs ♠♦st❧② r❡q✉❡st ✜❧✐♥❣s ♦❢ ✇✐❞❡❧② ❢♦❧❧♦✇❡❞ ❝♦♠♣❛♥✐❡s s✉❝❤ ❛s ❋❛❝❡❜♦♦❦✳
❚❤✐s ✐s ❝♦♥s✐st❡♥t ✇✐t❤ r❡s❡❛r❝❤ s❤♦✇✐♥❣ t❤❛t r❡t❛✐❧ tr❛❞✐♥❣ ✐s ❝♦rr❡❧❛t❡❞ t♦ ❊❉●❆❘ ❛❝t✐✈✐t② ✭❈❤✐ ❛♥❞
❙❤❛♥t❤✐❦✉♠❛r✱ ✷✵✶✽❀ ❆st❤❛♥❛✱ ❇❛❧s❛♠ ❛♥❞ ❙❛♥❦❛r❛❣✉r✉s✇❛♠②✱ ✷✵✵✹✮ ❛♥❞ s✉❣❣❡sts t❤❛t t❤❡ ❝♦✉♥t✐♥❣ ♦❢
♥♦♥✲r♦❜♦t ❞♦✇♥❧♦❛❞s ♦❢ ❊❉●❆❘ ✜❧✐♥❣s ❝❛♣t✉r❡s ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥ ❜② ❧❡ss s♦♣❤✐st✐❝❛t❡❞ ✐♥✈❡st♦rs✱
r❡❧❛t✐✈❡ t♦ ❇❧♦♦♠❜❡r❣ ❚❡r♠✐♥❛❧ ✉s❡rs✳
■♥ ✜❣✉r❡ ✸ ■ ♣r❡s❡♥t ❞❛✐❧② ♣❡r❝❡♥t❛❣❡s ♦❢ r♦❜♦t ❞♦✇♥❧♦❛❞s ♦❢ ❊❉●❆❘ ✜❧✐♥❣s ❢r♦♠ ✷✵✵✻✲✵✺✲✶✶ t♦ ✷✵✶✺✲
✹■ ❞♦ ♥♦t ❝❧❛✐♠ t❤❛t ❛❧❧ ❇❧♦♦♠❜❡r❣ ❚❡r♠✐♥❛❧ ✉s❡rs ❛r❡ s♦♣❤✐st✐❝❛t❡❞ ❛❝❝♦r❞✐♥❣ t♦ ❛♥ ❛❜s♦❧✉t❡ ♠❡❛s✉r❡✱ ♦r t❤❛t ❛❧❧ ❊❉●❆❘
✉s❡rs ❛r❡ ♥❛✐✈❡ ❛❝❝♦r❞✐♥❣ t♦ ❛♥ ❛❜s♦❧✉t❡ r✉❧❡✱ ❜✉t t❤❛t ♥♦♥✲r♦❜♦t ❊❉●❆❘ ✉s❡rs t❡♥❞ t♦ ❜❡ ❧❡ss s♦♣❤✐st✐❝❛t❡❞ r❡❧❛t✐✈❡ t♦
❇❧♦♦♠❜❡r❣ ✉s❡rs✳
✽
✶✷✲✸✶ ❢♦r t❤❡ ❛❣❣r❡❣❛t❡ ♦❢ st♦❝❦s✳ ■♥t❡r❡st✐♥❣❧②✱ t❤✐s ♣❡r❝❡♥t❛❣❡ ✐s ❤✐❣❤ ❛♥❞ ❛s ✇❡ ♠♦✈❡ ❢♦r✇❛r❞ ✐♥ t✐♠❡✱
♥♦t ♦♥❧② t❤❡ ♣❡r❝❡♥t❛❣❡ ✐♥❝r❡❛s❡s ❜✉t ✐t ❜❡❝♦♠❡s ❧❡ss ✈♦❧❛t✐❧❡✺✳ ■♥ t❛❜❧❡ ✹ ■ s❤♦✇ t❤❡ s✉♠♠❛r② st❛t✐st✐❝s
❢♦r t❤✐s s❛♠❡ ♣❡r❝❡♥t❛❣❡ ♦❢ r♦❜♦t ❞♦✇♥❧♦❛❞s ❢r♦♠ ✇❤✐❝❤ ✇❡ ❝❛♥ s❡❡ t❤❛t ♠♦st ♦❢ t❤❡ tr❛✣❝ ✐♥ t❤❡ ❙❊❈✳❣♦✈
✇❡❜ ♣❛❣❡ ❝♦rr❡s♣♦♥❞s t♦ ♥♦♥✲❤✉♠❛♥ ❞♦✇♥❧♦❛❞s✳ ❚❤✐s s❤♦✇s t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ✜❧t❡r✐♥❣ ♦✉t t❤❡ ❞❛t❛ ♦♥
r♦❜♦t ❞♦✇♥❧♦❛❞s✳
❋✐❣✉r❡ ✸✿ ❉❛✐❧② ♣❡r❝❡♥t❛❣❡s ♦❢ r♦❜♦t ❞♦✇♥❧♦❛❞s ♦❢ ❊❉●❆❘ ✜❧✐♥❣s ❢r♦♠ ✷✵✵✻✲✵✺✲✶✶ t♦ ✷✵✶✺✲✶✷✲✸✶ ❢♦r t❤❡
❛❣❣r❡❣❛t❡ ♦❢ t❤❡ st♦❝❦s ♣r♦✈✐❞❡❞ ❜② ❚❤❡ ❙♦❢t✇❛r❡ ❘❡♣♦s✐t♦r② ❢♦r ❆❝❝♦✉♥t✐♥❣ ❛♥❞ ❋✐♥❛♥❝❡ ♦❢ t❤❡ ❯♥✐✈❡rs✐t②
♦❢ ◆♦tr❡ ❉❛♠❡✳ ❋✐❧❡s ❢r♦♠ ✷✵✵✺✲✵✾✲✷✹ t♦ ✷✵✵✻✲✵✺✲✶✵ ✇❡r❡ ❧♦st ♦r ❞❛♠❛❣❡❞✳ ❘♦❜♦t ❞♦✇♥❧♦❛❞s ❢♦r s♣❡❝✐✜❝
st♦❝❦s ❛r❡ ♥♦t ❛✈❛✐❧❛❜❧❡✳
❚❛❜❧❡ ✹✿ ❙✉♠♠❛r② ❙t❛t✐st✐❝s ❖♥ ❚❤❡ P❡r❝❡♥t❛❣❡ ♦❢ ❘♦❜♦t ❉♦✇♥❧♦❛❞s ♦❢ ❊❉●❆❘ ❋✐❧✐♥❣s✳
❉❛✐❧② ❢r♦♠ ✷✵✵✻✲✵✺✲✶✶ t♦ ✷✵✶✺✲✶✷✲✸✶✳
❈❛❧❝✉❧❛t❡❞ ❛s t❤❡ ♥✉♠❜❡r ♦❢ r♦❜♦t ❞♦✇♥❧♦❛❞s ❞✐✈✐❞❡❞ ❜② t❤❡ s✉♠ ♦❢ ♥♦♥✲r♦❜♦t ❛♥❞ r♦❜♦t ❞♦✇♥❧♦❛❞s✳
▼✐♥✳ ✶st ◗✉✳ ▼❡❞✐❛♥ ▼❡❛♥ ✸r❞ ◗✉✳ ▼❛①✳
✵✳✹✽✾✾ ✵✳✽✶✷✻ ✵✳✾✵✸✺ ✵✳✽✼✻✸ ✵✳✾✺✷✵ ✵✳✾✾✾✹
❆✉t❤♦r✬s ❝❛❧❝✉❧❛t✐♦♥s ✇✐t❤ ❞❛t❛ ❢r♦♠ ❚❤❡ ❙♦❢t✇❛r❡ ❘❡♣♦s✐t♦r② ❢♦r ❆❝❝♦✉♥t✐♥❣ ❛♥❞ ❋✐♥❛♥❝❡ ♦❢ t❤❡ ❯♥✐✈❡rs✐t② ♦❢ ◆♦tr❡ ❉❛♠❡✳
✷✳✷ ■♥✈❡st♦rs✬ ❘❡❝♦❣♥✐t✐♦♥ ♦❢ ■♥✢❛t❡❞ ❋♦r❡❝❛sts
■♥ ♠② s♣❡❝✐✜❝❛t✐♦♥✱ ■ ✉s❡ ❛ s❡❝t♦r ❞✉♠♠② ❢♦r ✜♥❛♥❝✐❛❧ ✜r♠s ✭Di,F ✮✱ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ s❡❝t♦r ✐♥❞❡①❡s
❞❡✈❡❧♦♣❡❞ ❜② t❤❡ ❈❘❙P✱ ✇❤✐❝❤ ❛r❡ ❜❛s❡❞ ♦♥ t❤❡ ■♥❞✉str② ❈❧❛ss✐✜❝❛t✐♦♥ ❇❡♥❝❤♠❛r❦ ✭■❈❇✮ ♦❢ ❋❚❙❊ ■♥✲
✺■♥❝❧✉❞✐♥❣ ❛ ❞✉♠♠② t❤❛t t❛❦❡s t❤❡ ✈❛❧✉❡ ♦❢ ♦♥❡ ❢♦r ♣❡r✐♦❞s ❛❢t❡r ✷✵✶✷✱ ✐♥t❡r❛❝t❡❞ ✇✐t❤ ❤✉♠❛♥ ❞♦✇♥❧♦❛❞s ❛t ❊❉●❆❘✱ ❞♦
♥♦t ❝❤❛♥❣❡ t❤❡ r❡s✉❧ts✳
✾





1 if stock i ∈ CRSP Financials Index
0 otherwise
❋✐♥❛♥❝✐❛❧ ✜r♠s ❛r❡ ❤❡❛✈✐❧② r❡❣✉❧❛t❡❞ ❛♥❞ s✉♣❡r✈✐s❡❞ ✭●♦❧❞s♠✐t❤✲P✐♥❦❤❛♠✱ ✷✵✶✻❀ ❍✉❣♦♥♥✐❡r ❛♥❞ ▼♦r❡❧✲
❧❡❝✱ ✷✵✶✼❀ ●✉♥t❤❡r ❛♥❞ ▼♦♦r❡✱ ✷✵✵✸✮✱ ❛♠♦♥❣ ♦t❤❡rs✱ ❜② t❤❡ ❋❡❞❡r❛❧ ❘❡s❡r✈❡✱ ❋❡❞❡r❛❧ ❉❡♣♦s✐t ■♥s✉r❛♥❝❡
❈♦r♣♦r❛t✐♦♥ ✭❋❉■❈✮✱ t❤❡ ❖✣❝❡ ♦❢ t❤❡ ❈♦♠♣tr♦❧❧❡r ♦❢ t❤❡ ❈✉rr❡♥❝② ✭❖❈❈✮ ❛♥❞ t❤❡ ◆❛t✐♦♥❛❧ ❈r❡❞✐t ❯♥✐♦♥
❆❞♠✐♥✐str❛t✐♦♥ ✭◆❈❯❆✮✱ ✇❤♦ ❛ss❡s ✜r♠s✬ ✜♥❛♥❝✐❛❧ ❤❡❛❧t❤ ✭s❛❢❡t② ❛♥❞ s♦✉♥❞♥❡ss✮✻ ❛♥❞ ❛❝t✐✈✐t✐❡s r❡❧❛t❡❞
t♦ ✭❛♥t✐✮♠♦♥❡② ❧❛✉♥❞❡r✐♥❣ ❛♥❞ ❝♦♥s✉♠❡r ♣r♦t❡❝t✐♦♥ ❧❡❣✐s❧❛t✐♦♥✳ ❙✐♥❝❡ ✜♥❛♥❝✐❛❧ ✐♥st✐t✉t✐♦♥s ❛r❡ r❡q✉✐r❡❞
t♦ ✐ss✉❡ ❧❛r❣❡r ❛♠♦✉♥ts ♦❢ ❤❛r❞ ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡✐r ♣❡r❢♦r♠❛♥❝❡✱ ✐t ♠❛② ❜❡ ❡❛s✐❡r ❢♦r ✐♥✈❡st♦rs t♦ ✐❞❡♥t✐❢②
t❤♦s❡ s❡❧❧✲s✐❞❡ ❛♥❛❧②sts ✐ss✉✐♥❣ ✐♥✢❛t❡❞ ❢♦r❡❝❛sts ❢♦r t❤❡s❡ ✜r♠s✳
▼♦r❡♦✈❡r✱ ❢♦❧❧♦✇✐♥❣ t❤❡ ❡♠♣✐r✐❝❛❧ ❧✐t❡r❛t✉r❡ s❤♦✇✐♥❣ t❤❛t ✐♥st✐t✉t✐♦♥❛❧ ✐♥✈❡st♦rs ❛r❡ ♠♦r❡ s♦♣❤✐st✐❝❛t❡❞
✭❍✐❧❛r② ❛♥❞ ❍s✉✱ ✷✵✶✸❀ ❇♦❡❤♠❡r ❛♥❞ ❑❡❧❧❡②✱ ✷✵✵✾✮✱ ❛s ❛♥ ❛❞❞✐t✐♦♥❛❧ ♣r♦①② t♦ ❝❛♣t✉r❡ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ✐♥✲
✈❡st♦rs ✇✐t❤ ❛ ❤✐❣❤❡r ❛❜✐❧✐t② t♦ ✐❞❡♥t✐❢② ♦♣♣♦rt✉♥✐st✐❝ ❜❡❤❛✈✐♦r✱ ■ ✉s❡ t❤❡ ❞✉♠♠② Di,13F ✇❤✐❝❤ ❡q✉❛❧s ♦♥❡
✇❤❡♥❡✈❡r st♦❝❦ i ✐s ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ❧✐st ♦❢ s❡❝t✐♦♥ ✶✸✭❢✮ s❡❝✉r✐t✐❡s r❡♣♦rt❡❞ ✐♥ ✷✵✶✼◗✹✳ ❚❤❡ ❧✐st ♦❢ s❡❝t✐♦♥
✶✸✭❢✮ s❡❝✉r✐t✐❡s r❡♣♦rts t❤♦s❡ s❡❝✉r✐t✐❡s ✐♥ t❤❡ ❤♦❧❞✐♥❣s ♦❢ ✐♥✈❡st♠❡♥t ♠❛♥❛❣❡rs ✇✐t❤ ♠♦r❡ t❤❛♥ ✶✵✵ ♠✐❧❧✐♦♥





1 if stock i ∈ list of section 13(f) securities
0 otherwise
✷✳✸ ❙t♦❝❦s ❲✐t❤ ❚r❛❞✐♥❣ P♦t❡♥t✐❛❧
❋✉rt❤❡r♠♦r❡✱ st♦❝❦s ✐ss✉❡❞ ❜② ✜r♠s ✐♥ t❤❡ ❈♦♥s✉♠❡r ●♦♦❞s s❡❝t♦r ✭Di,CG✮ ❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ ❝❛❧❧ t❤❡
❛tt❡♥t✐♦♥ ❛♥❞ ❜❡ ❤❡❧❞ ❜② ❛ ✇✐❞❡r ♣✉❜❧✐❝ ♦r ❤❛✈❡ ❛ ♠❛❥♦r ♣❛rt ✐♥ ✐♥✈❡st♦rs✬ ♣♦rt❢♦❧✐♦s✱ ❛♥❞ t❤✉s ❛r❡ ♠♦r❡
❧✐❦❡❧② t♦ ❤❛✈❡ ❛ ❤✐❣❤❡r tr❛❞✐♥❣ ♣♦t❡♥t✐❛❧✳ ❆s ■ s❤♦✇ ✐♥ t❛❜❧❡ ✺ P❛♥❡❧ ❆✱ ♠❛r❦❡t ❝❛♣✐t❛❧✐③❛t✐♦♥ ♦❢ ✜r♠s ✐♥
t❤❡ ❈♦♥s✉♠❡r ●♦♦❞s s❡❝t♦r ✐s ❧❛r❣❡r t❤❛♥ t❤❡ ♠❛r❦❡t ❝❛♣✐t❛❧✐③❛t✐♦♥ ♦❢ ✜r♠s ✐♥ ❋✐♥❛♥❝✐❛❧s ❛♥❞ t❤❡ ♦✈❡r✲
❛❧❧ s❛♠♣❧❡✳ ▲❛r❣❡r ✜r♠s ❛r❡ ♠♦r❡ ✇✐❞❡❧② ❤❡❧❞ ❛♥❞ st✐♠✉❧❛t❡ t❤❡ ✐♥t❡r❡st ♦❢ ❛ ❧❛r❣❡ ♥✉♠❜❡r ♦❢ ✐♥✈❡st♦rs
✇✐t❤ ♠♦r❡ ♣♦t❡♥t✐❛❧ tr❛♥s❛❝t✐♦♥s ❜✉s✐♥❡ss ✭❆t✐❛s❡✱ ✶✾✽✺❀ ❇✉s❤❛♥✱ ✶✾✽✾✮✳ ❆❧s♦✱ ❧❛r❣❡r ✜r♠s r❡❝❡✐✈❡ ♠♦r❡
❝♦✈❡r❛❣❡ ✐♥ t❤❡ ❜✉s✐♥❡ss ♠❡❞✐❛ ✭❋❛♥❣ ❛♥❞ P❡r❡ss✱ ✷✵✵✾✮✱ ❛♥❞ ♠❡❞✐❛ ❝♦✈❡r❛❣❡ ❝❛t❝❤❡s ✐♥✈❡st♦rs ❛tt❡♥t✐♦♥
✭❙♦❧♦♠♦♥✱ ❙♦❧t❡s ❛♥❞ ❙♦s②✉r❛✱ ✷✵✶✹❀ ❊♥❣❡❧❜❡r❣ ❛♥❞ P❛rs♦♥s✱ ✷✵✶✶❀ ❚❡t❧♦❝❦✱ ❙❛❛r✲❚s❡❝❤❛♥s❦② ❛♥❞ ▼❛❝✲
s❦❛ss②✱ ✷✵✵✽✮ ✐♠♣❛❝t✐♥❣ ✜♥❛♥❝✐❛❧ ❞❡❝✐s✐♦♥ ♠❛❦✐♥❣✱ ✐♥❞❡♣❡♥❞❡♥t❧② ♦❢ t❤❡ ✐♥❢♦r♠❛t✐♦♥ ❝♦♥✈❡②❡❞ ✭❑❛♥✐❡❧ ❛♥❞
✻❚❤❡ s✉♣❡r✈✐s♦r② ❛✉t❤♦r✐t✐❡s ❛s❦ ❢♦r ✐♥❢♦r♠❛t✐♦♥ r❡❧❛t❡❞ t♦ ❝❛♣✐t❛❧ ❛❞❡q✉❛❝② ✭❛✈❛✐❧❛❜❧❡ ❝❛♣✐t❛❧ ✈✳s r✐s❦✲✇❡✐❣❤t❡❞ ❝r❡❞✐t
❡①♣♦s✉r❡s✮✱ ❛ss❡t q✉❛❧✐t② ✭❧♦❛♥✬s q✉❛❧✐t②✮✱ ♠❛♥❛❣❡♠❡♥t✬s ❛❜✐❧✐t② t♦ ❡♥s✉r❡ t❤❡ s❛❢❡ ♦♣❡r❛t✐♦♥✱ ❡❛r♥✐♥❣s✱ ❧✐q✉✐❞✐t② ❛♥❞ s❡♥s✐t✐✈✐t②
t♦ ♣❛rt✐❝✉❧❛r r✐s❦ ❡①♣♦s✉r❡s✳ ❙❡❡ ❈❆▼❊▲❙ r❛t✐♥❣s✳
✼❙❡❡ ❤tt♣s✿✴✴✇✇✇✳s❡❝✳❣♦✈✴❢❛st✲❛♥s✇❡rs✴❛♥s✇❡rs✲❢♦r♠✶✸❢❤t♠✳❤t♠❧
✶✵
P❛r❤❛♠✱ ✷✵✶✼✮✽✳ ■♥ ❛❞❞✐t✐♦♥✱ ❛♥❛❧②sts ❝❛♥ ♠♦r❡ ❡❛s✐❧② ❥✉st✐❢② ✐♥✢❛t❡❞ ❢♦r❡❝❛sts ♦♥ st♦❝❦ ♣r✐❝❡s ✐ss✉❡❞ ❜②
✜r♠s ✐♥ t❤❡ ❈♦♥s✉♠❡r ●♦♦❞s s❡❝t♦r✳ ■♥ t❛❜❧❡ ✺ P❛♥❡❧s ❇ ❛♥❞ ❈ ✇❡ ❝❛♥ ♦❜s❡r✈❡ t❤❛t ✜r♠s ✐♥ t❤❡ ❈♦♥s✉♠❡r
●♦♦❞s s❡❝t♦r ♥♦t ♦♥❧② ❤❛✈❡ ❜❡tt❡r ❢✉♥❞❛♠❡♥t❛❧s ✭❣r❡❛t❡r r❡t✉r♥ ♦♥ ❛ss❡ts✮ ❜✉t ❛❧s♦ t❤❡✐r st♦❝❦s r❡❣✐st❡r✱





1 if stock i ∈ CRSP US Consumer Goods Index
0 otherwise
❚❛❜❧❡ ✺✿ ❙✉♠♠❛r② ❙t❛t✐st✐❝s ❢♦r ❚✇♦ ❙❡❝t♦rs ✭◆♦t ❊①❤❛✉st✐✈❡✮
P❛♥❡❧ ❆✳ ▼❛r❦❡t ❈❛♣✐t❛❧✐③❛t✐♦♥✳
❈❛❧❝✉❧❛t❡❞ ❛s s❤❛r❡s ♦✉tst❛♥❞✐♥❣ t✐♠❡s t❤❡ ❧❛st ♣r✐❝❡✳ ❘❡♣♦rt❡❞ ✐♥ ♠✐❧❧✐♦♥s✳
▼❡❞✐❛♥ ▼❡❛♥ ◆o ❋✐r♠s ✐♥ ❈❘❙P
❋✐♥❛♥❝✐❛❧s ✷✱✷✼✸✳✷✻ ✽✱✽✻✵✳✾✶ ✼✺✾
❈♦♥s✉♠❡r ●♦♦❞s ✷✱✺✶✵✳✹ ✶✸✱✵✻✺✳✾ ✸✷✷
❆❧❧ ✷✱✷✻✻✳✹ ✶✵✱✺✵✷✳✻ ✷✱✺✹✷




▼❡❞✐❛♥ ▼❡❛♥ ◆o ❋✐r♠s ✐♥ ❈❘❙P
❋✐♥❛♥❝✐❛❧s ✺✽✳✶✹ ✼✶✳✻✸ ✼✺✾
❈♦♥s✉♠❡r ●♦♦❞s ✺✾✳✷✷ ✺✵✳✼✽ ✸✷✷
❆❧❧ ✺✾✳✶✵ ✻✼✳✹✻ ✷✱✺✹✷




▼❡❞✐❛♥ ▼❡❛♥ ◆o ❋✐r♠s ✐♥ ❈❘❙P
❋✐♥❛♥❝✐❛❧s ✵✳✵✸✸✹✸✷ ✵✳✵✵✾✹✶✹ ✼✺✾
❈♦♥s✉♠❡r ●♦♦❞s ✵✳✵✹✶✹✺ ✵✳✵✸✹✷✽ ✸✷✷
❆❧❧ ✵✳✵✸✼✷✶ ✵✳✵✶✸✷✶ ✷✱✺✹✷




▼❡❞✐❛♥ ▼❡❛♥ ◆o ❋✐r♠s ✐♥ ❈❘❙P
❋✐♥❛♥❝✐❛❧s ✵✳✵✸✼✾✻ ✵✳✵✾✾✻✷ ✼✺✾
❈♦♥s✉♠❡r ●♦♦❞s ✵✳✵✶✽✺✶ ✵✳✵✺✺✼✼ ✸✷✷
❆❧❧ ✵✳✵✹✵✽✷ ✵✳✵✾✻✽✺ ✷✱✺✹✷
❆✉t❤♦r✬s ❝❛❧❝✉❧❛t✐♦♥s✳
✷✳✹ ❈♦♥tr♦❧s
■♥ ♠② s♣❡❝✐✜❝❛t✐♦♥ ■ ❝♦♥tr♦❧ ❢♦r ✈❛r✐❛❜❧❡s ♦❢ ✜r♠ ♣❡r❢♦r♠❛♥❝❡ s✉❝❤ ❛s ❝❤❛♥❣❡s ✐♥ ❡❛r♥✐♥❣s ♣❡r s❤❛r❡ ❛♥❞
r❡t✉r♥ ♦♥ ❛ss❡ts✳ ▼♦r❡ ❡①♣❧✐❝✐t❧②✱ ✐♥ ❡q✉❛t✐♦♥ ✶✱ t❤❡ ✈❡❝t♦rs xi,t−5 ❛♥❞ hi,t−4 ❝♦♥t❛✐♥ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ❡❛r♥✲
✐♥❣s✱ r❡t✉r♥ ♦♥ ❛ss❡ts✱ st♦❝❦ r❡t✉r♥s✱ ✈♦❧❛t✐❧✐t✐❡s ❛♥❞ ✜r♠ s✐③❡✳ ■ ❞❡♥♦t❡ t❤❡s❡ ✈❛r✐❛❜❧❡s ✉s✐♥❣ ❧♦✇❡r✲❝❛s❡
❧❡tt❡rs ❛s ∆epsi,t−4 ❛♥❞ roai,t−4✱ ✇❤✐❝❤ ❝♦rr❡s♣♦♥❞ t♦ ❝❤❛♥❣❡s ✐♥ ❊❛r♥✐♥❣s P❡r ❙❤❛r❡ s❝❛❧❡❞ ❜② t❤❡ st♦❝❦
✽❆❧s♦✱ ✜r♠s ❝♦✈❡r❡❞ ❜② t❤❡ ♠❡❞✐❛ s❤♦✇ str♦♥❣❡r ♠♦♠❡♥t✉♠ ✭❍✐❧❧❡rt✱ ❏❛❝♦❜s ❛♥❞ ▼ü❧❧❡r✱ ✷✵✶✹✮ ❛♥❞ ✜r♠ s✐③❡ ✐s r❡❧❛t❡❞





❛♥❞ t❤❡ ✜r♠s✬ ❘❡t✉r♥ ♦♥ ❆ss❡ts ✭
Earningsi,t−4
Assetsi,t−4
✮ r❡s♣❡❝t✐✈❡❧②✳ ■ ❛❞❞✐t✐♦♥❛❧❧②
✐♥❝❧✉❞❡ ✜r♠ s✐③❡ ❛s ❝♦♥✈❡♥t✐♦♥❛❧❧② ♠❡❛s✉r❡❞ ✐♥ t❤❡ ✜♥❛♥❝✐❛❧ ❧✐t❡r❛t✉r❡✱ ✐✳❡✳ ❛s t❤❡ ❧♦❣ ♦❢ ♠❛r❦❡t ❝❛♣✐t❛❧✐③❛✲
t✐♦♥ ✭sizei,t−4✮✱ ❛❧s♦ ♣❛st st♦❝❦ r❡t✉r♥s ✭returni,t−4✮ ❛♥❞ ✈♦❧❛t✐❧✐t② ♦♥ r❡t✉r♥s ✭sdi,t−4✮ ❡st✐♠❛t❡❞ ❛s t❤❡
q✉❛rt❡r❧② st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦❢ ❞❛✐❧② r❡t✉r♥s✳ ◆♦t✐❝❡ t❤❛t ∆epsi,t−4 ❛♥❞ roai,t−4 ❛r❡ ✈❛r✐❛❜❧❡s r❡❧❛t❡❞ t♦
❢✉♥❞❛♠❡♥t❛❧ ♦r ✐♥tr✐♥s✐❝ ✈❛❧✉❡❀ sizei,t−4 ✐s r❡❧❛t❡❞ t♦ tr❛❞✐♥❣ ♣♦t❡♥t✐❛❧ ❛t t❤❡ ✜r♠ ❧❡✈❡❧❀ returni,t−4 ✐s ❛
✈❛r✐❛❜❧❡ r❡❧❛t❡❞ t♦ ♠♦♠❡♥t✉♠❀ ❛♥❞ sdi,t−4 ✐s r❡❧❛t❡❞ t♦ st♦❝❦ r✐s❦✳ ❚❤✉s✱ xi,t−5 ❝♦♥t❛✐♥s ❡✐t❤❡r ∆epsi,t−5
♦r roai,t−5❀ hi,t−4 ❝♦♥t❛✐♥s returni,t−4✱ sdi,t−4 ❛♥❞ sizei,t−4❀ ❛♥❞ θ ❛♥❞ ω ❛r❡ ✈❡❝t♦rs ♦❢ ♣❛r❛♠❡t❡rs ♦♥
r❡❣r❡ss♦rs✾✳
❚❤❡ t❡r♠ ∆BNHi,t−4 ✐s ❡♥❞♦❣❡♥♦✉s✱ s✐♥❝❡ yi,t ✐s ❛ ❢✉♥❝t✐♦♥ ♦❢ TPi,t−4 ❛♥❞ ❤✐❣❤❡r t❛r❣❡t ♣r✐❝❡s ✐ss✉❡❞
❜② ❛♥❛❧②sts ❛t t− 4 ♠❛② ✐♥✢✉❡♥❝❡ ✐♥✈❡st♦rs✬ ❛tt❡♥t✐♦♥ ❛t t− 4✳ ❚❤✉s✱ ∆BNHi,t−4 ✐s ❝♦rr❡❧❛t❡❞ ✇✐t❤ t❤❡
❡rr♦r t❡r♠ ✭εi,t✮✳ ■♥ ❛❞❞✐t✐♦♥✱ ❜❡❝❛✉s❡ ♦❢ t❤❡ ✉♥♦❜s❡r✈❡❞ ✜①❡❞ ❡✛❡❝t✱ ■ ❡st✐♠❛t❡ t❤❡ ♠♦❞❡❧ ✐♥ ❞✐✛❡r❡♥❝❡s✱
✐♥ ✇❤✐❝❤✱ ❜② ❝♦♥str✉❝t✐♦♥✱ ∆εi,t ❛♥❞ ∆yi,t−1 ❛r❡ ❝♦rr❡❧❛t❡❞✳ ❆s ✐s st❛♥❞❛r❞ ✐♥ ❞②♥❛♠✐❝ ♣❛♥❡❧ ❞❛t❛✱ ■ ❞❡❛❧
✇✐t❤ t❤❡ ❡♥❞♦❣❡♥❡✐t② ♣r♦❜❧❡♠s ✉s✐♥❣ ✐♥str✉♠❡♥t❛❧ ✈❛r✐❛❜❧❡s ❛♥❞ ❆r❡❧❧❛♥♦ ❛♥❞ ❇♦♥❞✬s ✭✶✾✾✶✮ ✷❙●▼▼
❡st✐♠❛t♦rs✳ ■♥ ♣❛rt✐❝✉❧❛r✱ t❤❡ s❡t ♦❢ ♣♦t❡♥t✐❛❧ ✈❛❧✐❞ ✐♥str✉♠❡♥ts ❢♦r yi,t−1 ✐s ❝♦♠♣♦s❡❞ ♦❢ ✐ts ✜rst ❧❛❣ yi,t−2
❛♥❞ ❤✐❣❤❡r ❛♥❞ t❤❡ s❡t ❢♦r ∆BNHi,t−4 ❛r❡ ∆BNHi,t−5 ❛♥❞ ❤✐❣❤❡r ♦r❞❡rs✱ ✇❤♦s❡ ✈❛❧✐❞✐t② ■ t❡st ✉s✐♥❣
❆r❡❧❧❛♥♦ ❛♥❞ ❇♦♥❞✬s ✭✶✾✾✶✮ ♠✲st❛t✐st✐❝✳ ❆❧s♦ ♥♦t✐❝❡ t❤❛t ♦t❤❡r r❡❣r❡ss♦rs ❛r❡ ❡①♦❣❡♥♦✉s✱ s✐♥❝❡ q✉❛rt❡r❧②
r❡♣♦rt❡❞ ❡❛r♥✐♥❣s ❛♥❞ ❛ss❡ts ❛r❡ ♥♦t ❞❡t❡r♠✐♥❡❞ ❜② st♦❝❦ ❢♦r❡❝❛sts ❜✉t ❜② t❤❡ ❛❝❝♦✉♥t✐♥❣ r❡✈❡♥✉❡s✱ ❝♦sts
❛♥❞ ♣✉r❝❤❛s❡s ♦❢ ✜r♠s✱ ❛♥❞ t❤✉s ❡❛r♥✐♥❣s ♣❡r s❤❛r❡ ❛♥❞ r❡t✉r♥ ♦♥ ❛ss❡ts ❛r❡ ❡①♦❣❡♥♦✉s t♦ ❢♦r❡❝❛st ❜✐❛s✳
❙✐♠✐❧❛r❧②✱ ✐t ✐s ♥♦t ❧✐❦❡❧② t❤❛t t❤❡ ❛♠♦✉♥t ♦❢ ✐♥❢♦r♠❛t✐♦♥ ❣❛t❤❡r❡❞ ❜② ✐♥✈❡st♦rs ❛❜♦✉t ❛ ✜r♠✱ ❞✉r✐♥❣ q✉❛rt❡r
t✱ ❛✛❡❝ts t❤❡ ✜♥❛♥❝✐❛❧ st❛t❡♠❡♥ts ♦❢ t❤❛t ✜r♠ ❛t t❤❡ s❛♠❡ q✉❛rt❡r t✳
✸ ❉❛t❛
❋♦r ✷✺✹✷ ✜r♠s ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ❈❡♥t❡r ❢♦r ❘❡s❡❛r❝❤ ✐♥ ❙❡❝✉r✐t② Pr✐❝❡s ✭❈❘❙P✮ st♦❝❦ ✐♥❞❡① ❢r♦♠ t❤❡ ✜rst
q✉❛rt❡r ♦❢ ✷✵✶✵ t♦ t❤❡ ❢♦✉rt❤ q✉❛rt❡r ♦❢ ✷✵✶✼✱ ■ ♦❜s❡r✈❡ t❤❡ q✉❛rt❡r❧② s❡r✐❡s ♦❢ ❊❛r♥✐♥❣s P❡r ❙❤❛r❡ ✭❊P❙✮
❛♥❞ ❘❡t✉r♥ ❖♥ ❆ss❡ts ✭❘❖❆✮ ♦❢ ❡❛❝❤ ✜r♠✱ ❛s ✇❡❧❧ ❛s ❞❛✐❧② ❞❛t❛ ♦♥ ✐ts st♦❝❦ ♣r✐❝❡ ❛♥❞ ♠❛r❦❡t ❝❛♣✐t❛❧✲
✐③❛t✐♦♥✳ ❆❧s♦✱ ■ ✐❞❡♥t✐❢② ❋✐♥❛♥❝✐❛❧s ❛♥❞ ❈♦♥s✉♠❡r ●♦♦❞s ✜r♠s✱ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ■♥❞✉str② ❈❧❛ss✐✜❝❛t✐♦♥
❇❡♥❝❤♠❛r❦ ✭■❈❇✮ ♦❢ ❋❚❙❊ ■♥t❡r♥❛t✐♦♥❛❧ ✇❤✐❝❤ ❝♦✉♥ts ✇✐t❤ ✶✵ s❡❝t♦r ✐♥❞❡①❡s ✐♥ t♦t❛❧✳ ■♥ t❤❡ s❡❝t♦r
♦❢ ❈♦♥s✉♠❡r ●♦♦❞s s❡❝t♦r t❤❡r❡ ❛r❡ ✜r♠s ♣r♦❞✉❝✐♥❣ ❤♦✉s❡❤♦❧❞ ❣♦♦❞s ✭❝❧♦t❤✐♥❣✱ ❡❧❡❝tr♦♥✐❝s✱ ❡t❝✳✮✱ ❛✉t♦✲
♠♦❜✐❧❡s✱ ❢♦♦❞s ❛♥❞ ❜❡✈❡r❛❣❡s❀ ❛♠♦♥❣ ❋✐♥❛♥❝✐❛❧s✱ t❤❡r❡ ❛r❡ ❜❛♥❦s ❛♥❞ ✜r♠s r❡❧❛t❡❞ t♦ ✐♥s✉r❛♥❝❡✱ ❛ss❡t
♠❛♥❛❣❡♠❡♥t ❛♥❞ r❡❛❧ ❡st❛t❡ ✐♥✈❡st♠❡♥t tr✉sts ✭❘❊■❚s✮✳ ■♥ ❛❞❞✐t✐♦♥✱ ■ ♦❜s❡r✈❡ ❞❛✐❧② ❞❛t❛ ♦♥ t❤❡ ❝♦♥s❡♥s✉s
✾❆♥❛❧②sts✬ ♦♣t✐♠✐s♠ ✐s ❧✐♥❦❡❞ t♦ ♣❛st s✐❣♥❛❧s ♦❢ ❢✉♥❞❛♠❡♥t❛❧ ✈❛❧✉❡ s✉❝❤ ❛s ❝❤❛♥❣❡s ✐♥ ❊❛r♥✐♥❣s P❡r ❙❤❛r❡ ✭❉❛✱ ❍♦♥❣ ❛♥❞
▲❡❡✱ ✷✵✶✻❀ ❇r❛❞s❤❛✇✱ ✷✵✵✷❀ ❊❛st❡r✇♦♦❞ ❛♥❞ ◆✉tt✱ ✶✾✾✾❀ ❆❜❛r❜❛♥❡❧❧ ❛♥❞ ❇❡r♥❛r❞✱ ✶✾✾✷❀ ❆❧✐✱ ❑❧❡✐♥ ❛♥❞ ❘♦s❡♥❢❡❧❞✱ ✶✾✾✷✮
❛♥❞ ❛❧s♦ t♦ ♠❛r❦❡t ♦✉t❝♦♠❡s s✉❝❤ ❛s ♣❛st st♦❝❦ r❡t✉r♥s ✭❆❧✐✱ ❑❧❡✐♥ ❛♥❞ ❘♦s❡♥❢❡❧❞✱ ✶✾✾✷❀ ❆❜❛r❜❛♥❡❧❧✱ ✶✾✾✶✮ ❛♥❞ ✈♦❧❛t✐❧✐t②
♦♥ r❡t✉r♥s ✭❆s❧❛♥ ❛♥❞ ❑✉♠❛r✱ ✷✵✶✼❀ ▲✐♠✱ ✷✵✵✶✮✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤❡ ❡♠♣✐r✐❝❛❧ ❧✐t❡r❛t✉r❡ s❤♦✇s t❤❛t ❛♥❛❧②sts✬ ❞❡❝✐❞❡ t♦ r❡♣♦rt
❢♦r❡❝❛sts s❡❧❡❝t✐✈❡❧②✱ ❜❛s❡❞ ♦♥ ✇❤❡t❤❡r t❤❡ ✜r♠ ❤❛s ❛ ❢❛✈♦r❛❜❧❡ ♣r♦s♣❡❝t✳
✶✷
t❛r❣❡t ♣r✐❝❡✱ ✇❤✐❝❤ ✐s t❤❡ ❛✈❡r❛❣❡ ❢♦r❡❝❛st ♦❢ t❤❡ st♦❝❦ ♣r✐❝❡ ❢♦r t❤❡ ♥❡①t ✶✷ ♠♦♥t❤s ❢r♦♠ t❤❡ ❛♥❛❧②sts
✇❤♦ ❝♦✈❡r t❤❛t st♦❝❦✱ ❛♥❞ ❡①❝❧✉❞❡s ❢♦r❡❝❛sts ♦❧❞❡r t❤❛♥ t❤r❡❡ ♠♦♥t❤s ✇❤❡♥ ✐t ✐s ❝❛❧❝✉❧❛t❡❞✳ ❋♦r❡❝❛sts ♦♥
st♦❝❦ ♣r✐❝❡s ❡①♣r❡ss ❛♥❛❧②sts✬ ♦♣✐♥✐♦♥s ❛❜♦✉t t❤❡ st♦❝❦ ♠❛r❦❡t ✐♥ t❤❡ ♠♦st ❞✐r❡❝t ❛♥❞ ✐♥t✉✐t✐✈❡ ♠❛♥♥❡r✶✵✱
✇✐t❤♦✉t t❤❡ st❛t✐st✐❝❛❧ ♣r♦❜❧❡♠s t❤❛t r❛✐s❡ ❢r♦♠ ❡❛r♥✐♥❣s ♠❛♥❛❣❡♠❡♥t✶✶ ✇❤❡♥ ✉s✐♥❣ ❡❛r♥✐♥❣s ❢♦r❡❝❛sts ♦r
♦♣❡r❛t✐♥❣ ❝❛s❤ ✢♦✇s✶✷ t♦ ❝❛♣t✉r❡ ♦♣t✐♠✐s♠✳
▼♦r❡♦✈❡r✱ ■ ✉s❡ ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡ ♥✉♠❜❡r ♦❢ ♥♦♥✲r♦❜♦t ❞♦✇♥❧♦❛❞s ♦❢ ❊❉●❆❘ ✜❧✐♥❣s t❤r♦✉❣❤ ❙❊❈✳❣♦✈✳
❚❤❡ ❊❧❡❝tr♦♥✐❝ ❉❛t❛ ●❛t❤❡r✐♥❣✱ ❆♥❛❧②s✐s✱ ❛♥❞ ❘❡tr✐❡✈❛❧ ✭❊❉●❆❘✮ s②st❡♠ ✐s ❛ ♣✉❜❧✐❝ ❞❛t❛❜❛s❡ ✇✐t❤ ❢r❡❡
❛❝❝❡ss ✉s❡❞ ❛t t❤❡ ❯✳❙✳ ❙❡❝✉r✐t✐❡s ❛♥❞ ❊①❝❤❛♥❣❡ ❈♦♠♠✐ss✐♦♥ ✭❙❊❈✮ ✇❤✐❝❤ ❛❧❧♦✇ ✉s❡rs t♦ s❡❛r❝❤ ❢♦r ✜✲
♥❛♥❝✐❛❧ ✐♥❢♦r♠❛t✐♦♥ ❛♥❞ ♦♣❡r❛t✐♦♥s ♦❢ ♣✉❜❧✐❝ ❝♦♠♣❛♥✐❡s✱ ♠✉t✉❛❧ ❢✉♥❞s ❛♥❞ ❡①❝❤❛♥❣❡✲tr❛❞❡❞ ❢✉♥❞s ❛♠♦♥❣
♦t❤❡rs✳ ❚❤❡ ❉✐✈✐s✐♦♥ ♦❢ ❊❝♦♥♦♠✐❝ ❛♥❞ ❘✐s❦ ❆♥❛❧②s✐s ✭❉❊❘❆✮ ❝♦♥str✉❝t❡❞ t❤❡ ❊❉●❆❘ ❧♦❣ ✜❧❡ ❞❛t❛ s❡t
❝♦♥t❛✐♥✐♥❣ st❛t✐st✐❝s ♦♥ ✉s❡r ❛❝❝❡ss t♦ t❤❡ ❙❊❈✳❣♦✈ ✇❡❜s✐t❡ ❛♥❞ ✐s ✧✐♥t❡♥❞❡❞ t♦ ♣r♦✈✐❞❡ ✐♥s✐❣❤t ✐♥t♦ t❤❡
✉s❛❣❡ ♦❢ ♣✉❜❧✐❝❧② ❛❝❝❡ss✐❜❧❡ ❊❉●❆❘ ❝♦♠♣❛♥② ✜❧✐♥❣s✧✳ ❆♠♦♥❣ ♦t❤❡r ✈❛r✐❛❜❧❡s✱ t❤❡ ❊❉●❆❘ ❧♦❣ ✜❧❡ ❞❛t❛✱
✇❤✐❝❤ ❝♦✉♥ts ✇✐t❤ ❛✈❛✐❧❛❜❧❡ ✐♥❢♦r♠❛t✐♦♥ ❢r♦♠ ✷✵✵✸✱ ✐♥❝❧✉❞❡s t❤❡ ■P ❛❞❞r❡ss❡s✱ ❞❛t❡s✱ t✐♠❡s✱ ❜r♦✇s❡r t②♣❡✱
❈❡♥tr❛❧ ■♥❞❡① ❑❡② ✭❈■❑✮ ❝♦❞❡s ❛♥❞ ✇❤❡t❤❡r t❤❡ ✉s❡r s❡❧❢✲✐❞❡♥t✐✜❡❞ ❛s ❛ ❝r❛✇❧❡r✳ ✶✸ ■ ✉s❡ ❛ ✜❧t❡r❡❞ ✈❡rs✐♦♥
♦❢ t❤❡ ❞❛t❛ ❢r♦♠ ❚❤❡ ❙♦❢t✇❛r❡ ❘❡♣♦s✐t♦r② ❢♦r ❆❝❝♦✉♥t✐♥❣ ❛♥❞ ❋✐♥❛♥❝❡✶✹ ♦❢ t❤❡ ❯♥✐✈❡rs✐t② ♦❢ ◆♦tr❡ ❉❛♠❡✱
✇✐t❤ ✐♥❢♦r♠❛t✐♦♥ ❛✈❛✐❧❛❜✐❧✐t② ❢r♦♠ ✷✵✵✻ t♦ ✷✵✶✺ ✇❤✐❝❤ ✐s ❛♥ ❡①t❡♥s✐♦♥ ♦❢ t❤❡ ✐♥❢♦r♠❛t✐♦♥ ✉s❡❞ ✐♥ t❤❡ ♣❛♣❡r
♦❢ ▲♦✉❣❤r❛♥ ❛♥❞ ▼❝❉♦♥❛❧❞ ✭✷✵✶✼✮✳ ❚❤✐s ❞❛t❛ ❤❛✈❡ ❜❡❡♥ ✜❧t❡r❡❞ t♦ ❡❧✐♠✐♥❛t❡ ❞❛♠❛❣❡❞ ✜❧❡s✶✺✱ ✐rr❡❧❡✈❛♥t
❡♥tr✐❡s✱ ♦r t❤♦s❡ ✇✐t❤ ♠✐ss✐♥❣ ❈■❑✱ ❛❝❝❡ss✐♦♥ ♥✉♠❜❡r✱ ■P✱ ♦r ❞❛t❡✳ ❆❧s♦✱ r♦❜♦t ❞♦✇♥❧♦❛❞s ✭t❤♦s❡ ✇✐t❤
♠♦r❡ t❤❛♥ ✹✾ ❞♦✇♥❧♦❛❞s ❢r♦♠ ❛ s✐♥❣❧❡ ■P ✇✐t❤✐♥ ❛ s✐♥❣❧❡ ❞❛② ♦r s❡❧❢ ✐❞❡♥t✐✜❡❞ ❛s ❛ ✇❡❜ ❝r❛✇❧❡r✮✱ ♦r ✇✐t❤
❛ s❡r✈❡r ❝♦❞❡ ❧❛r❣❡r ♦r ❡q✉❛❧ t❤❛♥ ✸✵✵✱ ♦r r❡❝♦r❞s ♦❢ tr❛✣❝ ♦♥ t❤❡ ✐♥❞❡① ♣❛❣❡ ♦❢ ❛ s❡t ♦❢ ❞♦❝✉♠❡♥ts ✭❡✳❣✳
✐♥❞❡①✳❤t♠✮ ❤❛✈❡ ❜❡❡♥ ✜❧t❡r❡❞ ♦✉t✳ ❚❤❡ ✐♥❢♦r♠❛t✐♦♥ s❡t ■ ✉s❡ ✐♥ t❤✐s ♣❛♣❡r ❤❛✈❡ ❛ s✐③❡ ♦❢ ✽✳✺✺ ●❇ ❛♥❞
✐♥❝❧✉❞❡s ❞❛✐❧② ❞❛t❛✱ ❢r♦♠ ✷✵✶✵ t♦ ✷✵✶✺✱ ♦❢ t❤❡ ♥✉♠❜❡r ♦❢ ✭❡①❝❧✉s✐✈❡❧②✮ ♥♦♥✲r♦❜♦t ❞♦✇♥❧♦❛❞s ❢♦r ❡❛❝❤ st♦❝❦✱
✐❞❡♥t✐✜❡❞ ✇✐t❤ t❤❡ ❈■❑ ♥✉♠❜❡r✱ ✇✐t❤ t❤❡✐r r❡s♣❡❝t✐✈❡ ❞❛t❡s✳ ❚❤❡ ❛❞✈❛♥t❛❣❡ ♦❢ ✉s✐♥❣ t❤❡ ❊❉●❆❘ ❧♦❣ ✜❧❡
❞❛t❛ s❡t ❢r♦♠ ❚❤❡ ❙♦❢t✇❛r❡ ❘❡♣♦s✐t♦r② ❢♦r ❆❝❝♦✉♥t✐♥❣ ❛♥❞ ❋✐♥❛♥❝❡ ✐s t❤❛t r♦❜♦t ❞♦✇♥❧♦❛❞s ♦❢ ✜♥❛♥❝✐❛❧
✐♥❢♦r♠❛t✐♦♥ ❤❛✈❡ ❜❡❡♥ ✜❧t❡r❡❞ ♦✉t✱ ✜❧t❡r✐♥❣ t❤❛t ✐s ♥♦t ♣♦ss✐❜❧❡ t♦ ❝❛rr② ♦✉t ✇❤❡♥ ❛♥❛❧②③✐♥❣ ❞❛t❛ r❡❧❛t❡❞
t♦ tr❛✣❝ ♦♥ ♦t❤❡r ❢r❡❡ s♦✉r❝❡s ♦❢ ✐♥❢♦r♠❛t✐♦♥✳
✶✵❚❤✐s ✐s s✉♣♣♦rt❡❞ ❜② ❆sq✉✐t❤✱ ▼✐❦❤❛✐❧ ❛♥❞ ❆✉ ✭✷✵✵✺✮ ✇❤♦ ✜♥❞ t❤❛t ✏t❤❡ ♠❛r❦❡t r❡❛❝t✐♦♥ t♦ ♣r✐❝❡ t❛r❣❡t r❡✈✐s✐♦♥s ✐s
str♦♥❣❡r t❤❛♥ t❤❛t ♦❢ ❛♥ ❡q✉❛❧ ♣❡r❝❡♥t❛❣❡ ❝❤❛♥❣❡ ✐♥ ❡❛r♥✐♥❣s ❢♦r❡❝❛sts✳✑
✶✶❊❛r♥✐♥❣s ♠❛♥❛❣❡♠❡♥t r❡❢❡rs t♦ t❤❡ ❢❛❝t t❤❛t ✏❬♠❪❛♥❛❣❡♠❡♥t ❝❛♥ ✐♠♣r♦✈❡ ♦r ✐♠♣❛✐r t❤❡ q✉❛❧✐t② ♦❢ ✜♥❛♥❝✐❛❧ st❛t❡♠❡♥ts
t❤r♦✉❣❤ t❤❡ ❡①❡r❝✐s❡ ♦❢ ❞✐s❝r❡t✐♦♥ ♦✈❡r ❛❝❝♦✉♥t✐♥❣ ♥✉♠❜❡rs✑ ✭❇❡❛✈❡r✱ ✷✵✵✷✮✱ ❡✳❣✳ ❡st✐♠❛t✐♦♥ ♦❢ ❛❝❝r✉❛❧s✳ ❚❤❡r❡❢♦r❡✱ ✏s♦♠❡
❵❡rr♦rs✬ ✐♥ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ ❬❛♥❛❧②st❪ ❢♦r❡❝❛st ❡rr♦rs ♠❛② ❛r✐s❡ ♦♥❧② ❜❡❝❛✉s❡ t❤❡ ❢♦r❡❝❛st ✇❛s ✐♥❛♣♣r♦♣r✐❛t❡❧② ❜❡♥❝❤♠❛r❦❡❞
✇✐t❤ r❡♣♦rt❡❞ ❬♠❛♥✐♣✉❧❛t❡❞❪ ❡❛r♥✐♥❣s✱ ✇❤❡♥ ✐♥ ❢❛❝t t❤❡ ❛♥❛❧②st ❤❛❞ t❛r❣❡t❡❞ ❛ ❞✐✛❡r❡♥t ❡❛r♥✐♥❣s ♥✉♠❜❡r✑ ✭❆❜❛r❜❛♥❡❧❧ ❛♥❞
▲❡❤❛✈②✱ ✷✵✵✸✮✳
✶✷●✐✈♦❧②✱ ❍❛②♥ ❛♥❞ ▲❡❤❛✈② ✭✷✵✵✾✮ ✜♥❞ t❤❛t ✏❝❛s❤ ✢♦✇ ❢♦r❡❝❛sts ❛♣♣❡❛r t♦ ❜❡ ❛ ♥❛ï✈❡ ❡①t❡♥s✐♦♥ ♦❢ ❛♥❛❧②sts✬ ❡❛r♥✐♥❣s
❢♦r❡❝❛sts✳✑
✶✸■♥ t❤❡ ❙❊❈ ✇❡❜s✐t❡✱ ✇✇✇✳s❡❝✳❣♦✈✴❞❡r❛✴❞❛t❛✴❡❞❣❛r✲❧♦❣✲✜❧❡✲❞❛t❛✲s❡t✳❤t♠❧✱ t❤❡r❡ ❛r❡ ✷✱✽✽✵ ③✐♣ ❢♦❧❞❡rs ✐♥ t❤❡ ❊❉●❆❘ ❧♦❣
✜❧❡ ❞❛t❛ s❡t ❢♦r t❤❡ ♣❡r✐♦❞ ✷✵✶✵ ✲ ✷✵✶✼✱ ♦♥❡ ❢♦r ❡❛❝❤ ❞❛②✱ ❛♥❞ ❡❛❝❤ ❢♦❧❞❡r ❝♦♥t❛✐♥s ❛ ✧❝s✈✧ ✜❧❡ ✇✐t❤ t❤❡ st❛t✐st✐❝s ♦♥ ❙❊❈✳❣♦✈
✇❡❜s✐t❡ tr❛✣❝ ❛♥❞ ❛ ✧❘❊❆❉▼❊✧ ✜❧❡ ❞♦❝✉♠❡♥t✐♥❣ t❤❡ ✈❛r✐❛❜❧❡s✳ ❊❛❝❤ ✜❧❡ ✭❞❛②✮ ❞♦✇♥❧♦❛❞❡❞ ❞✐r❡❝t❧② ❢r♦♠ t❤❡ ❙❊❈ ✇❡❜s✐t❡
✇✐t❤ t❤❡ st❛t✐st✐❝s ♦♥ ✐♥t❡r♥❡t s❡❛r❝❤ tr❛✣❝✱ ❝❛♥ ✐♥❝❧✉❞❡ ♠♦r❡ t❤❛♥ ❛ ♠✐❧❧✐♦♥ ❡♥tr✐❡s✳ ❚❤❡ ✉♥❝♦♠♣r❡ss❡❞ ❞❛t❛ s❡t ❢♦r t❤❡
♣❡r✐♦❞ ✷✵✵✸✲✷✵✶✺ ❝♦♥s✐st✐♥❣ ♦❢ ✹✱✽✸✾ ❞❛✐❧② ✜❧❡s✱ t❛❦❡s ✶✳✼✸ t❡r❛❜②t❡s✳
✶✹❤tt♣s✿✴✴sr❛❢✳♥❞✳❡❞✉✴
✶✺❆❧❧ ✜❧❡s ❢r♦♠ ✷✵✵✺✲✵✾✲✷✹ t♦ ✷✵✵✻✲✵✺✲✶✵ ✇❡r❡ ❧❛❜❡❧❡❞ ❜② t❤❡ ❙❊❈ ❛s ✧❧♦st ♦r ❞❛♠❛❣❡❞✧ ✭▲♦✉❣❤r❛♥ ❛♥❞ ▼❝❉♦♥❛❧❞✱ ✷✵✶✼✮✳
✶✸
■ ❛❧s♦ ❣❛t❤❡r ❞❛t❛ ♦♥ ✐♥st✐t✉t✐♦♥❛❧ ✐♥✈❡st♦rs ❢r♦♠ t❤❡ ❧✐st ♦❢ s❡❝t✐♦♥ ✶✸✭❢✮ s❡❝✉r✐t✐❡s✱ ✐ss✉❡❞ ❜② t❤❡ ❯✳❙
❙❡❝✉r✐t✐❡s ❛♥❞ ❊①❝❤❛♥❣❡ ❈♦♠♠✐ss✐♦♥✶✻✳ ❚❤❡s❡ ❛r❡ q✉❛rt❡r❧② r❡♣♦rts ❛✈❛✐❧❛❜❧❡ ✐♥ ♣❞❢ ❢♦r♠❛t✱ ❢r♦♠ ✇❤✐❝❤
■ ✉s❡ t❤❡ r❡♣♦rt ♦❢ ✷✵✶✼◗✹✳ ■ ✐❞❡♥t✐❢② t❤❡ ✺✵✹ st♦❝❦s ✐♥ ♠② s❛♠♣❧❡ t❤❛t ❛r❡ ✐♥❝❧✉❞❡❞ ✐♥ t❤✐s r❡♣♦rt✱ ✇❤✐❝❤
❝♦✉♥ts ✇✐t❤ ♠♦r❡ t❤❛♥ ✶✼✱✵✵✵ ✐♥❞✐✈✐❞✉❛❧ s❡❝✉r✐t✐❡s✳
■ ❞♦ ♥♦t ♠❛❦❡ ✉s❡ ♦❢ ♠❛r❦❡t ♠❡❛s✉r❡s ♦❢ ✐♥❢♦r♠❡❞ tr❛❞✐♥❣ s✉❝❤ ❛s t❤❡ Pr♦❜❛❜✐❧✐t② ♦❢ ■♥❢♦r♠❡❞ ❚r❛❞✲
✐♥❣ ✭P■◆✮ ♦❢ ❊❛s❧❡② ❡t ❛❧✳ ✭✶✾✾✻✮ ♦r t❤♦s❡ ❜❛s❡❞ ♦♥ ♣r✐❝❡ ✐♠♣❛❝t ✭❙❛❞❦❛✱ ✷✵✵✻✮ s✐♥❝❡ ♥♦✇❛❞❛②s✱ ♠❛r❦❡t
♠❡❛s✉r❡s ♦❢ ✐♥❢♦r♠❡❞ tr❛❞✐♥❣ ❝♦♥✈❡② ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t t❤❡ ❤✐❣❤✲❢r❡q✉❡♥❝②✲tr❛❞✐♥❣ ✇♦r❧❞✱ ✇❤❡r❡ tr❛❞❡rs
❛r❡ s✐❧✐❝♦♥✱ ♥♦t ❤✉♠❛♥ ✭❖✬❍❛r❛✱ ✷✵✶✺✮✳ ❙❡❧❧✲s✐❞❡ ❛♥❛❧②sts✱ ✇❤♦ r❡❧② ♦♥ ✜r♠ ❢✉♥❞❛♠❡♥t❛❧s ♦r ❛❝❝♦✉♥t✐♥❣
♠❡❛s✉r❡s t♦ ✈❛❧✉❡ st♦❝❦s✱ ❞♦ ♥♦t ♠❛❦❡ ❢♦r❡❝❛sts t♦ ❜❡ ✉s❡❞ ✐♥ ❤✐❣❤ ❢r❡q✉❡♥❝② tr❛❞✐♥❣ ♦r ❡✈❡♥ ✐♥ ✐♥tr❛✲❞❛②
tr❛❞✐♥❣✱ ✇❤✐❝❤ ✐s ♠♦st❧② ❞♦♥❡ ❜② ❝♦♠♣✉t❡rs✳ ❚❤❡② ♠❛❦❡ ❢♦r❡❝❛sts t♦ ❜❡ ✉s❡❞ ✐♥ ✐♥✈❡st♠❡♥t ❞❡❝✐s✐♦♥s ♦❢
❧♦♥❣❡r ❤♦r✐③♦♥s✱ ❝❛rr✐❡❞ ♦✉t ❜② ❤✉♠❛♥s ❧♦♦❦✐♥❣ ❢♦r t❤❡ tr✉❡ ✐♥tr✐♥s✐❝ ✈❛❧✉❡ ♦❢ st♦❝❦s✳ ❆s ❖✬❍❛r❛ ✭✷✵✶✺✮
♣♦✐♥ts ♦✉t✱ ♦✈❡r t❤❡ t✐♠❡ ✐♥t❡r✈❛❧s ♦❢ ❤✐❣❤ ❢r❡q✉❡♥❝② tr❛❞✐♥❣✱ t❤❡ ✐♥❢♦r♠❛t✐♦♥ ✐♥ ♠❛r❦❡t ♠❡❛s✉r❡s ✐s ♥♦t
❥✉st ❛ss❡t✲r❡❧❛t❡❞ ✭✐♥✈❡st♠❡♥t✲r❡❧❛t❡❞✶✼✮ ❜✉t ♠♦st❧② ♦r❞❡r✲r❡❧❛t❡❞ ✭s♣❡❝✉❧❛t✐♦♥✲r❡❧❛t❡❞✶✽✮ ❛♥❞ t❤❡ ❜❛s✐❝
✉♥✐t ♦❢ ♠❛r❦❡t ✐♥❢♦r♠❛t✐♦♥ ✐s ♦r❞❡rs✳
✹ ❘❡s✉❧ts
■♥ t❛❜❧❡ ✻✱ ■ s❤♦✇ t❤❡ r❡s✉❧ts ♦❢ ❞②♥❛♠✐❝ ♠♦❞❡❧s✱ ✉s✐♥❣ Di,CG × ∆BNHi,t−4 ❛♥❞ Di,F × ∆BNHi,t−4
t♦ ❝❛♣t✉r❡ ❞✐✛❡r❡♥t✐❛❧s ✐♥ ❛♥❛❧②sts ✐♥❝❡♥t✐✈❡s✳ ❋♦r st♦❝❦s ✐ss✉❡❞ ❜② ✜r♠s ✐♥ t❤❡ ❈♦♥s✉♠❡r ●♦♦❞s s❡❝✲
t♦r ✭Di,CG = 1✮✱ t❤❡ ❝❤❛♥❣❡ ✐♥ ❛♥❛❧②st ♦♣t✐♠✐s♠ ✭∂yi,t✮ ❣✐✈❡♥ ❛ ❝❤❛♥❣❡ ✐♥ ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥
✭∂∆BNHi,t−4✮ ✐s st❛t✐st✐❝❛❧❧② ♣♦s✐t✐✈❡ ✭0.036 = 0.051 − 0.015✮✱ s✉❣❣❡st✐♥❣ t❤❛t✱ ✇❤❡♥ ✜r♠ ✐♥❢♦r♠❛t✐♦♥
❣❛t❤❡r✐♥❣ ❜② t❤❡ ♣✉❜❧✐❝ ✐♥❝r❡❛s❡s✱ ❛♥❛❧②sts ❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ ✐♥❝r❡❛s❡ t❤❡✐r ❜✐❛s ❢♦r ❧❛r❣❡r ✜r♠s ✭❤✐❣❤❡r
♣♦t❡♥t✐❛❧ ❢♦r tr❛❞✐♥❣✮ ✇❤✐❝❤ ❛t t❤❡ s❛♠❡ t✐♠❡ ❤❛✈❡ ❛ ❧♦✇❡r P❊ r❛t✐♦ ✭s❡❡ t❛❜❧❡ ✺ P❛♥❡❧ ❇✮✳ ■♥t❡r❡st✐♥❣❧②✱
t❤❡ ❡st✐♠❛t❡s ♦♥ t❤❡ ♣❛r❛♠❡t❡rs ♦♥ Di,F ×∆BNHi,t−4✱ ❛❧t❤♦✉❣❤ ♥♦t st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✱ ❛r❡ ♥❡❣❛t✐✈❡✳
❚❤✐s ✐s ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ✐❞❡❛ t❤❛t✱ ✇❤❡♥ ✜r♠ ✐♥❢♦r♠❛t✐♦♥ ❣❛t❤❡r✐♥❣ ❜② t❤❡ ♣✉❜❧✐❝ ✐♥❝r❡❛s❡s✱ ❛♥❛❧②sts
❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ r❡❞✉❝❡ t❤❡✐r ❜✐❛s ❢♦r ✜r♠s t❤❛t ✐ss✉❡ ❧❛r❣❡r ❛♠♦✉♥ts ♦❢ ❤❛r❞ ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡✐r ♣❡r✲
❢♦r♠❛♥❝❡ ✇❤✐❝❤ ♠❛❦❡s ✐t ❡❛s✐❡r ❢♦r ✐♥✈❡st♦rs t♦ ✐❞❡♥t✐❢② t❤♦s❡ s❡❧❧✲s✐❞❡ ❛♥❛❧②sts ✐♥❝✉rr✐♥❣ ✐♥ ♦♣♣♦rt✉♥✐st✐❝
❜❡❤❛✈✐♦r✳
✶✻❤tt♣s✿✴✴✇✇✇✳s❡❝✳❣♦✈✴❞✐✈✐s✐♦♥s✴✐♥✈❡st♠❡♥t✴✶✸✢✐sts✳❤t♠
✶✼❆s ❞❡✜♥❡❞ ❜② ❋✐s❤❡r ✭✶✾✸✵✮✱ ❛♥ ✐♥✈❡st♠❡♥t ✐s t❤❡ ❜✉②✐♥❣ ♦❢ ❢✉t✉r❡ ✐♥❝♦♠❡ str❡❛♠s✳ ▼♦r❡ ♣r❡❝✐s❡❧②✱ ✏t❤❡ ✈❛❧✉❡ ♦❢ ❛♥②
♣r♦♣❡rt②✱ ♦r r✐❣❤ts t♦ ✇❡❛❧t❤✱ ✐s ✐ts ✈❛❧✉❡ ❛s ❛ s♦✉r❝❡ ♦❢ ✐♥❝♦♠❡ ❛♥❞ ✐s ❢♦✉♥❞ ❜② ❞✐s❝♦✉♥t✐♥❣ t❤❛t ❡①♣❡❝t❡❞ ✐♥❝♦♠❡✳✑
✶✽❙♣❡❝✉❧❛t✐♦♥ ✐s t❤❡ tr❛❞✐♥❣ ♦❢ ❛♥ ❛ss❡t ❢♦r r❡❛s♦♥s ♥♦t r❡❧❛t❡❞ t♦ ✐ts ❢✉♥❞❛♠❡♥t❛❧s ♦r t♦ ✐ts ❛❜✐❧✐t② t♦ ❣❡♥❡r❛t❡ ❢✉t✉r❡
✐♥❝♦♠❡ ✭s❡❡ ❡✳❣✳ ❩❤❛♥❣ ❛♥❞ ❨❛♦✱ ✷✵✶✻✮✳ ❆s ❞❡✜♥❡❞ ✐♥ ❚✐r♦❧❡ ✭✶✾✽✷✮✱ ♣❡♦♣❧❡ ✏❡①❤✐❜✐t s♣❡❝✉❧❛t✐✈❡ ❜❡❤❛✈✐♦r ✐❢ t❤❡ r✐❣❤t t♦ r❡s❡❧❧
❬❛♥❪ ❛ss❡t ♠❛❦❡s t❤❡♠ ✇✐❧❧✐♥❣ t♦ ♣❛② ♠♦r❡ ❢♦r ✐t t❤❛♥ t❤❡② ✇♦✉❧❞ ♣❛② ✐❢ ♦❜❧✐❣❡❞ t♦ ❤♦❧❞ ✐t ❢♦r❡✈❡r✳✑
✶✹
❚❛❜❧❡ ✻✿ ❘❡s✉❧ts✳ ❆r❡❧❧❛♥♦✲❇♦♥❞ ❊st✐♠❛t♦rs✳
❖♣t✐♠✐s♠ yi,t ✐s t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡✳ ■♥ t❤❡ ❞✐✛❡r❡♥❝❡ ❡q✉❛t✐♦♥✱ t❤❡ ✈❛❧✐❞ ✐♥str✉♠❡♥ts ❢♦r yi,t−1 ❛r❡ yi,t−2 ❛♥❞ yi,t−3❀
❢♦r ∆BNHi,t−4 ❛r❡ ∆BNHi,t−6 ❛♥❞ ∆BNHi,t−7❀ ❢♦r t❤❡ ✐♥t❡r❛❝t✐♦♥s ❜❡t✇❡❡♥ ∆BNHi,t−4 ❛♥❞ s❡❝t♦r ❞✉♠♠✐❡s✱ ❛r❡ t❤❡✐r

























❆✲❇ ♠✲st❛t✐st✐❝ ✭✶st ✮ −✶✸✳✽✶✾✺∗∗∗
























❆✲❇ ♠✲st❛t✐st✐❝ ✭✶st ✮ −✶✸✳✽✷✷✽∗∗∗
❆✲❇ ♠✲st❛t✐st✐❝ ✭✷♥❞ ✮ ✵✳✻✾✶✹
❚❛❜❧❡s ✼ ❛♥❞ ✽ s❤♦✇ r❡s✉❧ts ♦♥ t❤❡ ✇✐t❤✐♥ ❡st✐♠❛t✐♦♥ ❛♥❞ t❤❡ ❆r❡❧❧❛♥♦✲❇♦♥❞ ❡st✐♠❛t✐♦♥✱ ✇✐t❤♦✉t
✐♥t❡r❛❝t✐♦♥s ✇✐t❤ ❞✉♠♠✐❡s✱ ✐♥ ♦r❞❡r t♦ ❛♥❛❧②③❡ t❤❡ ❛✈❡r❛❣❡ ❡✛❡❝t ♦❢ ✐♥✈❡st♦r ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥ ♦♥
t❤❡ ✇❤♦❧❡ s❛♠♣❧❡✱ ❛♥❞ t♦ ❛♥❛❧②③❡ t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ✐♥❝❧✉❞✐♥❣ ❧❛❣❣❡❞ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ❛♠♦♥❣ t❤❡
r❡❣r❡ss♦rs✳ ❲❤✐❧❡ ✐♥ ❜♦t❤ ♠♦❞❡❧s✱ t❤❡ ♣❛♥❡❧ ❞❛t❛ ✇✐t❤ ✜①❡❞ ❡✛❡❝ts ❛♥❞ t❤❡ ❞②♥❛♠✐❝ ♣❛♥❡❧ ❞❛t❛✱ t❤❡
❡st✐♠❛t❡s ♦♥ ∆BNHi,t−4 ❛r❡ ♥❡❣❛t✐✈❡✱ ♦♥❧② ✐♥ t❤❡ ❞②♥❛♠✐❝ ♠♦❞❡❧ ❛r❡ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✳ ❚❤❡s❡
r❡s✉❧ts ♣♦✐♥t ♦✉t t❤❛t✱ ✇❤❡♥ ✐♥✈❡st♦rs ✐♥❝r❡❛s❡ t❤❡✐r ❣❛t❤❡r✐♥❣ ♦r ❛❝q✉✐s✐t✐♦♥ ♦❢ ✜♥❛♥❝✐❛❧ ✐♥❢♦r♠❛t✐♦♥ ❛t
t❤❡ ✜r♠ ❧❡✈❡❧✱ ❛♥❛❧②sts r❡❞✉❝❡ t❤❡✐r ♣♦s✐t✐✈❡ ❜✐❛s✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤❡ ❙❛r❣❛♥ ❚❡st ❛s ✇❡❧❧ ❛s t❤❡ t❡sts ❢♦r
✜rst ❛♥❞ s❡❝♦♥❞ ♦r❞❡r ❛✉t♦❝♦rr❡❧❛t✐♦♥ ❞❡✈❡❧♦♣❡❞ ✐♥ ❆r❡❧❧❛♥♦ ❛♥❞ ❇♦♥❞ ✭✶✾✾✶✮✱ s❤♦✇ t❤❡ ✈❛❧✐❞✐t② ♦❢ t❤❡
✐♥str✉♠❡♥ts ✉s❡❞ ✐♥ t❤❡ ❞②♥❛♠✐❝ ♠♦❞❡❧✳ ❚❤❡s❡ r❡s✉❧ts ❛❧s♦ s❤♦✇ t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ✐♥❝❧✉❞✐♥❣ ♣❛st ✈❛❧✉❡s ♦❢
❢♦r❡❝❛st ❜✐❛s ✐♥ t❤❡ s♣❡❝✐✜❝❛t✐♦♥✿ ❛s t❤❡ ❡st✐♠❛t❡s ♦♥ yi,t−1 ❛r❡ ♣♦s✐t✐✈❡✱ ❛♥❛❧②st ❜✐❛s ❤❛s s♦♠❡ ♣❡rs✐st❡♥❝❡✳
✶✺
❚❛❜❧❡ ✼✿ ❘❡s✉❧ts✳ ❆r❡❧❧❛♥♦✲❇♦♥❞ ❛♥❞ ❋✐①❡❞ ❊✛❡❝ts ❊st✐♠❛t♦rs✳
❖♣t✐♠✐s♠ yi,t ✐s t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡✳ ■♥ ❜♦t❤ ❡q✉❛t✐♦♥s t❤❡r❡ ❛r❡ ✜①❡❞ ❛♥❞ t✐♠❡ ❡✛❡❝ts✳ ■♥ t❤❡ ❞✐✛❡r❡♥❝❡ ❡q✉❛t✐♦♥ ♦❢
t❤❡ ❞②♥❛♠✐❝ ♠♦❞❡❧✱ t❤❡ ✈❛❧✐❞ ✐♥str✉♠❡♥ts ❢♦r yi,t−1 ❛r❡ yi,t−2 ❛♥❞ yi,t−3❀ ❢♦r ∆BNHi,t−4 ❛r❡ ∆BNHi,t−6 ❛♥❞
∆BNHi,t−7✳ ◆♦t❡✿
∗♣<✵✳✶❀ ∗∗♣<✵✳✵✺❀ ∗∗∗♣<✵✳✵✶✳

























❙❛r❣❛♥ ❚❡st✿ ✶✳✺✼✼✼ ❘2✿ ✵✳✶✷✶✺
❆✲❇ ♠✲st❛t✐st✐❝ ✭✶st ✮✿ ✲✶✸✳✽✷✻✻∗∗∗ ❆❞❥✉st❡❞ ❘2✿ ✵✳✵✻✾✶
❆✲❇ ♠✲st❛t✐st✐❝ ✭✷♥❞ ✮✿ ✵✳✻✻✶✻ ❋ ❙t❛t✐st✐❝✿ ✾✾✺✳✸✹✸∗∗∗ ✭❞❢ ❂ ✻❀ ✹✸✶✾✶✮
❚❛❜❧❡ ✽✿ ❘❡s✉❧ts✳ ❆r❡❧❧❛♥♦✲❇♦♥❞ ❛♥❞ ❋✐①❡❞ ❊✛❡❝ts ❊st✐♠❛t♦rs✳
❖♣t✐♠✐s♠ yi,t ✐s t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡✳ ■♥ ❜♦t❤ ❡q✉❛t✐♦♥s t❤❡r❡ ❛r❡ ✜①❡❞ ❛♥❞ t✐♠❡ ❡✛❡❝ts✳ ■♥ t❤❡ ❞✐✛❡r❡♥❝❡ ❡q✉❛t✐♦♥ ♦❢
t❤❡ ❞②♥❛♠✐❝ ♠♦❞❡❧✱ t❤❡ ✈❛❧✐❞ ✐♥str✉♠❡♥ts ❢♦r yi,t−1 ❛r❡ yi,t−2 ❛♥❞ yi,t−3❀ ❢♦r ∆BNHi,t−4 ❛r❡ ∆BNHi,t−6 ❛♥❞
∆BNHi,t−7✳ ◆♦t❡✿
∗♣<✵✳✶❀ ∗∗♣<✵✳✵✺❀ ∗∗∗♣<✵✳✵✶✳


























❙❛r❣❛♥ ❚❡st✿ ✶✳✹✻✻✼ ❘2✿ ✵✳✶✷✶✽
❆✲❇ ♠✲st❛t✐st✐❝ ✭✶st ✮✿ −✶✸✳✽✼✶✷∗∗∗ ❆❞❥✉st❡❞ ❘2✿✵✳✵✻✾✹✹✽
❆✲❇ ♠✲st❛t✐st✐❝ ✭✷♥❞ ✮✿ ✵✳✻✾✵✺ ❋ ❙t❛t✐st✐❝✿ ✾✾✽✳✷✺✶∗∗∗ ✭❞❢ ❂ ✻❀ ✹✸✶✾✶✮
❚❤❡ r❡s✉❧ts ♦♥ t❤❡ ❞②♥❛♠✐❝ ♣❛♥❡❧ ❞❛t❛ ♠♦❞❡❧s ✭❝♦❧✉♠♥ ✭✶✮ ✐♥ t❛❜❧❡s ✼ ❛♥❞ ✽✮ s❤♦✇ t❤❛t r❡t✉r♥ ♦♥
❛ss❡ts ✐s ❛ ❜❡tt❡r ♣❡r❢♦r♠❛♥❝❡ ✈❛r✐❛❜❧❡ t❤❛♥ ❝❤❛♥❣❡s ✐♥ ❡❛r♥✐♥❣s ♣❡r s❤❛r❡ t♦ ❡①♣❧❛✐♥ ❛♥❛❧②sts ❢♦r❡❝❛sts✱
❛♥❞ t❤❛t ♣❡r❢♦r♠❛♥❝❡ ✈❛❧✉❡s ❜❡❢♦r❡ t − 4 ✭t❤❡ ❞❛t❡ ❢♦r❡❝❛sts ❛r❡ ✐ss✉❡❞✮ ❛r❡ ❜❡tt❡r t❤❛♥ ✈❛❧✉❡s ❛t t − 4✱
✇❤✐❝❤ ✐s s❡♥s✐❜❧❡ s✐♥❝❡ ✜♥❛♥❝✐❛❧ st❛t❡♠❡♥ts t❛❦❡ t✐♠❡ t♦ ❜❡ ❡❧❛❜♦r❛t❡❞ ❛♥❞ ❛r❡ ♥♦t r❡♣♦rt❡❞ ✐♥st❛♥t❧② ❜②
✜r♠s✳ ❋✉rt❤❡r♠♦r❡✱ t❤❡ r❡s✉❧ts s❤♦✇ t❤❛t st♦❝❦ r❡t✉r♥s✱ r❡t✉r♥ ✈♦❧❛t✐❧✐t② ❛♥❞ ✜r♠ s✐③❡s ❛r❡ ✐♠♣♦rt❛♥t
❡①♣❧❛♥❛t♦r② ✈❛r✐❛❜❧❡s ♦❢ ❛♥❛❧②st ❢♦r❡❝❛st ❜✐❛s✳
✶✻
◆♦✇✱ ✐♥ t❛❜❧❡ ✾✱ ■ s❤♦✇ t❤❡ r❡s✉❧ts ♦❢ ✉s✐♥❣ t❤❡ st♦❝❦s ✐♥ t❤❡ ✶✸✭❢✮ ❧✐st ✭Di,13F ✮ ✐♥ ♦r❞❡r t♦ ❝❛♣t✉r❡ t❤♦s❡
st♦❝❦s ✐♥ t❤❡ ❤♦❧❞✐♥❣s ♦❢ ✐♥st✐t✉t✐♦♥❛❧ ✐♥✈❡st♦rs✱ ❛♥❞ t❤❡ ♥♦♥✲r♦❜♦t ❞♦✇♥❧♦❛❞s ♦❢ ❊❉●❆❘ ✜❧✐♥❣s t♦ ❝❛♣t✉r❡
t❤♦s❡ st♦❝❦s ❣r❛❜❜✐♥❣ t❤❡ ❛tt❡♥t✐♦♥ ♦❢ ✐♥✈❡st♦rs ✇✐t❤ ❛ ❧♦✇❡r ❛❜✐❧✐t② t♦ ✐❞❡♥t✐❢② ♦♣♣♦rt✉♥✐st✐❝ ❜❡❤❛✈✐♦rs✳
❚❤❡ ♣♦s✐t✐✈❡ ❛♥❞ s✐❣♥✐✜❝❛♥t ❡st✐♠❛t❡s ♦♥ Di,CG ×∆edgari,t−4 s✉❣❣❡st t❤❛t ❛♥❛❧②sts t❡♥❞ t♦ ❜❡ ♠♦r❡ ♦♣✲
t✐♠✐st✐❝ ❢♦r st♦❝❦s ✇✐t❤ ❛ ❤✐❣❤❡r tr❛❞✐♥❣ ♣♦t❡♥t✐❛❧✳ ■♥ ❛❞❞✐t✐♦♥✱ ❢♦r st♦❝❦s ✐ss✉❡❞ ❜② ✜♥❛♥❝✐❛❧ ✜r♠s ✐♥ t❤❡
❤♦❧❞✐♥❣s ♦❢ ✐♥st✐t✉t✐♦♥❛❧ ✐♥✈❡st♦rs ✭Di,F = Di,13F = 1✮ ✱ t❤❡ ❝❤❛♥❣❡ ✐♥ ❢♦r❡❝❛st ❜✐❛s ✭∂yi,t✮ ❣✐✈❡♥ ❛ ❝❤❛♥❣❡ ✐♥
✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥ ✭∂∆BNHi,t−4✮ ✐s st❛t✐st✐❝❛❧❧② ♥❡❣❛t✐✈❡ ✭−0.002 = −0.067+0.066+0.077−0.078✮✱
❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ✐❞❡❛ t❤❛t ❛♥❛❧②sts ❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ r❡❞✉❝❡ t❤❡✐r ❜✐❛s ❢♦r st♦❝❦s ❢♦❧❧♦✇❡❞ ❜② ✐♥✈❡st♦rs
✇✐t❤ ❛ ❤✐❣❤❡r ❛❜✐❧✐t② t♦ ✐❞❡♥t✐❢② ✐♥✢❛t❡❞ ❢♦r❡❝❛sts✳ ❚❤❡s❡ r❡s✉❧ts ✐♥❞✐❝❛t❡ t❤❛t ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥
❛❝t✐✈❛t❡ t✇♦ ❞✐✛❡r❡♥t ❛♥❛❧②sts✬ ✐♥❝❡♥t✐✈❡s✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤❡ ❡st✐♠❛t❡s ♦♥ ✜r♠ s✐③❡ ✐♥❞✐❝❛t❡ t❤❛t ❧❛r❣❡r
✜r♠s ❛r❡ ❧✐❦❡❧② t♦ ❜❡ ♠♦r❡ ♣♦♣✉❧❛r ❛♥❞ t♦ ❝❛t❝❤ ♠♦r❡ ✐♥✈❡st♦rs ❛tt❡♥t✐♦♥✱ s✐♠✐❧❛r t♦ ❆t✐❛s❡ ✭✶✾✽✺✮ ❛♥❞
❋❛♥❣ ❛♥❞ P❡r❡ss ✭✷✵✵✾✮✱ t❤✉s ✐♥❞✉❝✐♥❣ ❛♥❛❧②sts t♦ ✐ss✉❡ ♠♦r❡ ♦♣t✐♠✐st✐❝ ❢♦r❡❝❛sts✳
❚❛❜❧❡ ✾✿ ❘❡s✉❧ts✳ ❆r❡❧❧❛♥♦✲❇♦♥❞ ❊st✐♠❛t♦rs ❯s✐♥❣ ❊❉●❆❘ ❋✐❧✐♥❣s ❉♦✇♥❧♦❛❞s ❛♥❞ ❚❤❡ ✶✸✭❢✮ ❧✐st✳
❖♣t✐♠✐s♠ yi,t ✐s t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡✳ ■♥ t❤❡ ❞✐✛❡r❡♥❝❡ ❡q✉❛t✐♦♥✱ t❤❡ ✈❛❧✐❞ ✐♥str✉♠❡♥ts ❢♦r yi,t−1 ❛r❡ yi,t−2 ❛♥❞ yi,t−3❀



































❆✲❇ ♠✲st❛t✐st✐❝ ✭✶st ✮ −✶✶✳✶✷✹✵∗∗∗
❆✲❇ ♠✲st❛t✐st✐❝ ✭✷♥❞ ✮ ✵✳✹✷✾✻
❆s ❛ ✈❛❧✉❡ ♦❢ 0.0003 s❡❡♠s ✈❡r② s♠❛❧❧✱ ■ ❛❧s♦ r✉♥ ❛ r❡❣r❡ss✐♦♥ ✉s✐♥❣ st❛♥❞❛r❞✐③❡❞ ✈❛r✐❛❜❧❡s ♦❢∆edgari,t−4




i,t−4 ✳ ❆s t❤❡s❡ r❡s✉❧ts✱ s❤♦✇♥ ✐♥ t❛❜❧❡ ✶✵✱ ✐♥❞✐❝❛t❡✱
❛♥ ✐♥❝r❡❛s❡ ✐♥ ♦♥❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦❢ ∆edgari,t−4 ✭23.2984✮✱ ✐s r❡❧❛t❡❞ t♦ ❛ ❜✐❛s ✐♥❝r❡❛s❡ ♦❢ 0.5% ❢♦r
st♦❝❦s ✐♥ t❤❡ ❈♦♥s✉♠❡r ●♦♦❞s s❡❝t♦r✳
✶✼
❚❛❜❧❡ ✶✵✿ ❘❡s✉❧ts ❯s✐♥❣ ❙t❛♥❞❛r❞✐③❡❞ ❱❛r✐❛❜❧❡s
❖♣t✐♠✐s♠ yi,t ✐s t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡✳ ■♥ t❤❡ ❞✐✛❡r❡♥❝❡ ❡q✉❛t✐♦♥✱ t❤❡ ✈❛❧✐❞ ✐♥str✉♠❡♥ts ❢♦r yi,t−1 ❛r❡ yi,t−2 ❛♥❞ yi,t−3❀




i,t−7 ❀ ❢♦r Z
∆edgar















































♠✲st❛t✳ ✭✶st ✮ −✶✶✳✵✽✺✼∗∗∗
♠✲st❛t✳ ✭✷♥❞ ✮ ✵✳✹✷✵✺
✹✳✶ ❖♥❧② ❇❛♥❦s ■♥st❡❛❞ ♦❢ ❆❧❧ ❋✐♥❛♥❝✐❛❧s
❚✐❧❧ ♥♦✇✱ ■ ❤❛✈❡ ❛r❣✉❡❞ t❤❛t ✜♥❛♥❝✐❛❧ ✜r♠s ♣r♦✈✐❞❡ ♠♦r❡ ✐♥❢♦r♠❛t✐♦♥ t❤❛♥ ✜r♠s ✐♥ ♦t❤❡r s❡❝t♦rs✳ ❲❤✐❧❡ ❛❧❧
♣✉❜❧✐❝❧② tr❛❞❡❞ ❝♦♠♣❛♥✐❡s ❞✐s❝❧♦s❡ ❞❡t❛✐❧❡❞ ✐♥❢♦r♠❛t✐♦♥ ♦♥ q✉❛rt❡r❧② ✜♥❛♥❝✐❛❧ st❛t❡♠❡♥ts ✭❋♦r♠ ✶✵✲◗✮✱
❛✉❞✐t❡❞ ❛♥♥✉❛❧ ✜♥❛♥❝✐❛❧ ♣❡r❢♦r♠❛♥❝❡ ✭❋♦r♠ ✶✵✲❑✮✱ ❛♥❞ ✉♥s❝❤❡❞✉❧❡❞ ❡✈❡♥ts ❛t ❛ ✜r♠ t❤❛t ❝♦✉❧❞ ❜❡ ♦❢
✐♠♣♦rt❛♥❝❡ t♦ t❤❡ s❤❛r❡❤♦❧❞❡rs s✉❝❤ ❛s t❤❡ ❤✐r✐♥❣ ♦❢ ❛ ♥❡✇ ❞✐r❡❝t♦r ✭❋♦r♠ ✽✲❑✮✱ ♠❛♥② ✜♥❛♥❝✐❛❧ ✜r♠s
s✉❝❤ ❛s ❜❛♥❦s✱ r❡♣♦rt ❛❞❞✐t✐♦♥❛❧ ❤❛r❞ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t ♠❡❛s✉r❡s ♦❢ ❛✈❛✐❧❛❜❧❡ ❝❛♣✐t❛❧ ✈✳s r✐s❦✲✇❡✐❣❤t❡❞
❝r❡❞✐t ❡①♣♦s✉r❡s✱ ❛ss❡t q✉❛❧✐t② ✭❧♦❛♥✬s q✉❛❧✐t②✮✱ ♠❛♥❛❣❡♠❡♥t✬s ❛❜✐❧✐t② t♦ ❡♥s✉r❡ t❤❡ s❛❢❡ ♦♣❡r❛t✐♦♥ ❛♥❞
s❡♥s✐t✐✈✐t② t♦ ♣❛rt✐❝✉❧❛r r✐s❦ ❡①♣♦s✉r❡s✳ ◆❡✈❡rt❤❡❧❡ss✱ ✇✐t❤✐♥ ✜♥❛♥❝✐❛❧s✱ t❤❡r❡ ✐s ❤❡t❡r♦❣❡♥❡✐t② ♦♥ t❤❡ t②♣❡
❛♥❞ q✉❛♥t✐t② ♦❢ ✐♥❢♦r♠❛t✐♦♥ t❤❛t t❤❡② r❡❧❡❛s❡✳ ❍❡❞❣❡ ❢✉♥❞s ♦r ❝❧♦s❡ ❡♥❞❡❞ ❢✉♥❞s✱ t♦ ❣✐✈❡ t✇♦ ❡①❛♠♣❧❡s✱
♣r♦✈✐❞❡ ♠✉❝❤ ❧❡ss ✐♥❢♦r♠❛t✐♦♥ t❤❛♥ ❝♦♠♠❡r❝✐❛❧ ❜❛♥❦s t♦ t❤❡ ❣❡♥❡r❛❧ ♣✉❜❧✐❝✳
■♥ ♠② s❛♠♣❧❡ ♦❢ ✜♥❛♥❝✐❛❧s t❤❡r❡ ❛r❡ ✽✸✷ ✜r♠s✳ ■♥ t❤✐s s❡❝t✐♦♥✱ ■ s❤♦✇ t❤❡ r❡s✉❧ts ♦❢ s❡❧❡❝t✐♥❣ t❤♦s❡ ✜r♠s
✐♥ t❤❡ ✜♥❛♥❝✐❛❧ s❡❝t♦r t❤❛t ❛r❡ ❜❛♥❦s✱ ❛♥❞ ✉s✐♥❣ ♦♥❧② t❤❡s❡ t♦ ❝❛♣t✉r❡ t❤♦s❡ st♦❝❦s ❢♦r ✇❤✐❝❤ ✐♥✈❡st♦rs
❝❛♥ ❜❡tt❡r ❡st❛❜❧✐s❤ t❤❡ q✉❛❧✐t② ♦❢ t❤❡ r❡♣♦rts✳ ■♥ ♦r❞❡r t♦ ❞♦ s♦✱ ■ ✉s❡ ❛ ❧✐st ♦❢ ✺✶✽✺ ❜❛♥❦s t❤❛t ❛♣♣❡❛r
❛t ✉s❜❛♥❦❧♦❝❛t✐♦♥s✳❝♦♠ ✇❤✐❝❤ ♣r♦✈✐❞❡s ✐♥❢♦r♠❛t✐♦♥ ♦♥ ❜❛♥❦s ✐♥ t❤❡ ❯♥✐t❡❞ ❙t❛t❡s✳ ■ ❝❛rr② ♦✉t ❛ ✇❡❜
s❝r❛♣✐♥❣ ♦❢ t❤❡ ✇❡❜ ♣❛❣❡ ❛♥❞ s❡❧❡❝t t❤❡ ✸✽ ❜❛♥❦s ♦❢ ♠② ♦r✐❣✐♥❛❧ s❛♠♣❧❡ ♦❢ ✜♥❛♥❝✐❛❧s t❤❛t ❛r❡ ✐♥ t❤❡ ❧✐st ♦❢
❜❛♥❦s ✐♥ t❤❡ ❯❙✳
✶✽
❋✐❣✉r❡ ✹✿ ❇❛♥❦s ✐♥ t❤❡ ❙❛♠♣❧❡ ♦❢ ❋✐♥❛♥❝✐❛❧s
❇❛♥❦ ♦❢ ❆♠❡r✐❝❛ ▼♦r❣❛♥ ❙t❛♥❧❡② ❈❤❛r❧❡s ❙❝❤✇❛❜ ❙t❛t❡ ❙tr❡❡t Pr♦❣r❡ss✐✈❡
❑❡② ❇❛♥❦ ♦❢ t❤❡ ❖③❛r❦s ❋◆❇ ❙♦✉t❤ ❙t❛t❡ ●r❡❡♥ ❉♦t
❇❛♥❝♦r♣❙♦✉t❤ ❇❛♥❦ ❋✐rst ▼❡r❝❤❛♥ts ❚r✉st♠❛r❦ ❘❡♥❛s❛♥t ❇❛♥♥❡r
❈❡♥t❡r❙t❛t❡ ❇❛♥❦ ❋✐rst ❇❛♥ ❯♥✐✈❡st ❖♣✉s ❇❛♥❦ ❈❛❞❡♥❝❡ ❇❛♥
▼❡r❝❛♥t✐❧❡ ❇❛♥❦ ❋✐rst ❋✐♥❛♥❝✐❛❧ ❆❝❝❡ss ◆❛t✐♦♥❛❧ ✶st ❙♦✉r❝❡ ❍✐♥❣❤❛♠ ■♥st✐t✉t✐♦♥ ❢♦r ❙❛✈✐♥❣s
❈✐t✐③❡♥s ✫ ◆♦rt❤❡r♥ ◆♦rt❤r✐♠ ❇❛♥ P❛r❛❣♦♥ ❈♦♠♠❡r❝✐❛❧ ❆❈◆❇ ❇❛♥❦❋✐♥❛♥❝✐❛❧
▲❈◆❇ ❈♦♠♠✉♥✐t② ❋✐♥❛♥❝✐❛❧ ❙✉♠♠✐t ❙t❛t❡ ❇❛♥❦ ❈✐t✐③❡♥s ❋✐rst ❈❡♥tr❛❧ ❋❡❞❡r❛❧
●♦❧❞♠❛♥ ❙❛❝❤s ●r♦✉♣ ■♥❝ ❊❧♠✐r❛ ❙❛✈✐♥❣s ❇❛♥❦ P✉❜❧✐❝ ❙t♦r❛❣❡
■ ❝❛❧❝✉❧❛t❡ ❛ ❞✉♠♠② Di,Banks t❤❛t t❛❦❡s t❤❡ ✈❛❧✉❡ ♦❢ ♦♥❡ ❢♦r ✜r♠s t❤❛t ❛r❡ ❡①❝❧✉s✐✈❡❧② ❜❛♥❦s ❛♥❞
❡st✐♠❛t❡ ❛ ❞②♥❛♠✐❝ ♣❛♥❡❧ ♠♦❞❡❧ ✇❤♦s❡ r❡s✉❧ts ■ s❤♦✇ ✐♥ t❛❜❧❡ ✶✶✱ ✐♥❞✐❝❛t✐♥❣ t❤❛t ❢♦r❡❝❛st ❜✐❛s ✐s r❡❞✉❝❡❞
✐♥ 36.3% ❢♦r t❤♦s❡ st♦❝❦s ✐ss✉❡❞ ❜② ❜❛♥❦s ✐♥ t❤❡ ❤♦❧❞✐♥❣s ♦❢ ✐♥st✐t✉t✐♦♥❛❧ ✐♥✈❡st♦rs✱ ✇❤❡♥ ✐♥❢♦r♠❛t✐♦♥
❛❝q✉✐s✐t✐♦♥ ✐♥❝r❡❛s❡s ✐♥ ♦♥❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥✳
❚❛❜❧❡ ✶✶✿ ❘❡s✉❧ts ❯s✐♥❣ ❇❛♥❦s
❖♣t✐♠✐s♠ yi,t ✐s t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡✳ ■♥ t❤❡ ❞✐✛❡r❡♥❝❡ ❡q✉❛t✐♦♥✱ t❤❡ ✈❛❧✐❞ ✐♥str✉♠❡♥ts ❢♦r yi,t−1 ❛r❡ yi,t−2 ❛♥❞ yi,t−3❀




i,t−7 ❀ ❢♦r Z
∆edgar


















































♠✲st❛t✳ ✭✶st ✮ −✶✶✳✵✼✼✺∗∗∗
♠✲st❛t✳ ✭✷♥❞ ✮ ✵✳✸✽✺✼✹
✺ ❈♦♥❝❧✉s✐♦♥s
■♥ t❤✐s ♣❛♣❡r ■ ❡st✐♠❛t❡ t❤❡ ❡✛❡❝ts ♦❢ ✐♥✈❡st♦rs✬ ✐♥❢♦r♠❛t✐♦♥ ❣❛t❤❡r✐♥❣ ♦♥ ❛♥❛❧②st ❢♦r❡❝❛st ❜✐❛s✱ ❛♥❞ ✜♥❞
❡✈✐❞❡♥❝❡ ✐♥ ❢❛✈♦r ♦❢ t❤❡ ❤②♣♦t❤❡s✐s t❤❛t ✐♥✈❡st♦rs✬ ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥ ✐s ♣♦s✐t✐✈❡❧② r❡❧❛t❡❞ t♦ ❛♥❛❧②sts✬
♦♣t✐♠✐s♠ ✇❤❡♥ t❤❡ ♣♦t❡♥t✐❛❧ ❢♦r tr❛❞✐♥❣ ✐s ❧❛r❣❡r✱ ❛♥❞ ♥❡❣❛t✐✈❡❧② r❡❧❛t❡❞ t♦ ♦♣t✐♠✐s♠ ✇❤❡♥ ✐♥✈❡st♦rs ❛r❡
✶✾
♠♦r❡ ❧✐❦❡❧② t♦ ✐❞❡♥t✐❢② ✐♥✢❛t❡❞ ❢♦r❡❝❛sts✳ ❚❤❡s❡ r❡s✉❧ts s✉❣❣❡st t❤❛t ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥ ✐s ♥♦t ♦♥❧②
❝♦rr❡❧❛t❡❞ t♦ ❛♥❛❧②sts✬ ♦♣t✐♠✐s♠ ❜✉t ❛❧s♦ t❤❛t ✐ts ❡✛❡❝t ❞♦❡s ♥♦t ✇♦r❦ tr✐✈✐❛❧❧② ❛♥❞ s♦❧❡❧② ✐♥ ♦♥❡ ❞✐r❡❝t✐♦♥
❜✉t ✐t ❛❝t✐✈❛t❡s t✇♦ ❞✐✛❡r❡♥t ✐♥❝❡♥t✐✈❡s ✐♥ ❛♥❛❧②sts✬ ❞❡❝✐s✐♦♥s✳
❚❤❡s❡ r❡s✉❧ts ❤✐❣❤❧✐❣❤t t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ✐♥❢♦r♠❛t✐♦♥ ❛❝q✉✐s✐t✐♦♥✿ ❜❡✐♥❣ ♠♦r❡ ✐♥❢♦r♠❡❞ ✐♥ t❤❡ st♦❝❦
♠❛r❦❡t ♠❛② ✐♥❝r❡❛s❡ ♦r ❞❡❝r❡❛s❡ ❛♥❛❧②st ❢♦r❡❝❛st ❜✐❛s ✇❤✐❝❤ ❞❡t❡r✐♦r❛t❡s ♦r ✐♠♣r♦✈❡s t❤❡ ❞❡❝✐s✐♦♥✲♠❛❦✐♥❣
♣r♦❝❡ss ♦❢ ♥❛✐✈❡ ✐♥✈❡st♦rs✳ ❚❤❡s❡ ❛❧s♦ ❤❡❧♣ ❡①♣❧❛✐♥✐♥❣ ✇❤② t❤❡r❡ ❛r❡ ❛♥❛❧②sts ✇❤♦ ❛r❡ s②st❡♠❛t✐❝❛❧❧② ❜✐✲
❛s❡❞ ✐♥ t❤❡ ♠❛r❦❡t✿ ❡✈❡♥ ✇✐t❤ ✇✐❞❡s♣r❡❛❞ ❛❝❝❡ss t♦ r❡❧❡✈❛♥t ✐♥❢♦r♠❛t✐♦♥✱ ♥♦t ❛❧❧ ✐♥✈❡st♦rs ❤❛✈❡ t❤❡ s❛♠❡
♣♦t❡♥t✐❛❧ t♦ ✐❞❡♥t✐❢② ✐♥✢❛t❡❞ ❢♦r❡❝❛sts ❛♥❞ t♦ ♣❡♥❛❧✐③❡ ❛♥❛❧②sts ✇❤♦✱ ❞r✐✈❡♥ ❜② t❤❡✐r tr❛❞✐♥❣ ✐♥❝❡♥t✐✈❡s✱
✐♥❝✉r ✐♥ ❛♥ ♦♣♣♦rt✉♥✐st✐❝ ❜❡❤❛✈✐♦r✳ ■♥ t❤❡ ✇♦r❞s ♦❢ ▲✐♣♠❛♥ ✭✶✾✾✶✮✿ ✏❦♥♦✇✐♥❣ ❛ ❢❛❝t ❞♦❡s ♥♦t ♠❡❛♥ t❤❛t
♦♥❡ ❦♥♦✇s ❛❧❧ t❤❡ ❧♦❣✐❝❛❧ ✐♠♣❧✐❝❛t✐♦♥s ♦❢ t❤❛t ❢❛❝t✳✳✳t❤❡ ❛❣❡♥t ❝❛♥ ❢❛✐❧ t♦ r❡❝♦❣♥✐③❡ t❤❡ ❛♣♣r♦♣r✐❛t❡ ❛❝t✐♦♥
❜❡❝❛✉s❡ t❤✐s r❡q✉✐r❡s ❤✐♠ t♦ ♣r♦❝❡ss ❤✐s ✐♥❢♦r♠❛t✐♦♥✳✑ P❡♦♣❧❡✱ ✐♥❝❧✉❞✐♥❣ ✐♥✈❡st♦rs✱ ❝❛♥ ❜❡ ♣❡rs✉❛❞❡❞ t♦
♣❛② ❢♦r ❡✈❡♥ ❜❧❛t❛♥t❧② ✉s❡❧❡ss ♣r❡❞✐❝t✐♦♥s✱ ❛s ✇❡ ♠❛② ✐rr❛t✐♦♥❛❧❧② ❛❝t✱ ❢♦r ✐♥st❛♥❝❡✱ t♦ ❢❡❡❧ ✐♥ ✏❝♦♥tr♦❧✑ ♦✈❡r
❛ r❛♥❞♦♠ s✐t✉❛t✐♦♥✱ t♦ ❛✈♦✐❞ t❤❡ r❡❣r❡t ♦❢ ♥♦t ❛❝q✉✐r✐♥❣ t❤❡ ❢♦r❡❝❛st ✐❢ ✐t t✉r♥s ♦✉t t♦ ❜❡ ✏❝♦rr❡❝t✑✱ ♦r t♦
❛✈♦✐❞ ❜❧❛♠✐♥❣ ♦✉rs❡❧✈❡s ✐❢ t❤❡ ❞❡❝✐s✐♦♥ ♦✉t❝♦♠❡ ❣♦❡s ✇r♦♥❣ ✭P♦✇❞t❤❛✈❡❡ ❛♥❞ ❘✐②❛♥t♦✱ ✷✵✶✺✮✳
❚❤❡s❡ r❡s✉❧ts ❛❧s♦ ❤✐❣❤❧✐❣❤t t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ❛♥ ✉♥❛♥s✇❡r❡❞ q✉❡st✐♦♥✿ ✇❤❛t ❞r✐✈❡s ♠♦r❡ ❛♥❞ ❧❡ss
s♦♣❤✐st✐❝❛t❡❞ ✐♥✈❡st♦rs t♦ ❢♦❧❧♦✇ ❛ s❡t ♦❢ st♦❝❦s ❛♥❞ ❛✈♦✐❞ ♦t❤❡rs✳ ❚❤❡ ❛♥s✇❡r ✐s ♥♦t tr✐✈✐❛❧ s✐♥❝❡ ✐t ♠❛②
❜❡ r❡❧❛t❡❞ t♦ ✐♥❢♦r♠❛t✐♦♥ ❛❝❝❡ss✱ t❡❝❤♥♦❧♦❣② ✉s❛❣❡ ✐♥ t❤❡ ♣r♦❝❡ss✐♥❣ ♦❢ ✐♥❢♦r♠❛t✐♦♥ ❛♥❞ ❛♥❞ ❝♦❣♥✐t✐✈❡
❡✛♦rts✳ ❋♦r ✐♥st❛♥❝❡✱ ❜❡❢♦r❡ ❞❡❝✐❞✐♥❣ ❤♦✇ ♠✉❝❤ ✐♥❢♦r♠❛t✐♦♥ ✐s ♦♣t✐♠❛❧ t♦ ❛❝q✉✐r❡ ✭✐✳❡✳ ❤♦✇ ♠✉❝❤ ❡✛♦rt
t♦ ♠❛❦❡✮ ♦♥ ❛ st♦❝❦✱ ❛♥ ✐♥✈❡st♦r ♠✉st ❞❡❝✐❞❡ ♦♥ ✇❤✐❝❤ st♦❝❦ t♦ ❣❛t❤❡r ✐♥❢♦r♠❛t✐♦♥✱ ❛♥❞ t❤❡♥ t❤❡ ✐♥✈❡st♦r
♠❛② ✜rst ❝♦♠♣✉t❡ ♦r ✉♥❞❡rst❛♥❞ t❤❡ ✐♠♣❧✐❝❛t✐♦♥s ♦❢ ❢♦❧❧♦✇✐♥❣ ❛ st♦❝❦ ✐♥st❡❛❞ ♦❢ ❛♥♦t❤❡r✳ ■❢ ✜♥❞✐♥❣ t❤❡
❜❡st s❡t ♦❢ st♦❝❦s t♦ ❢♦❧❧♦✇ ✐s ❝♦st❧②✱ t❤❡♥ t❤❡ ✐♥✈❡st♦r ♠❛② ✜rst ❝♦♥str✉❝t ❛ ❞❡❝✐s✐♦♥ ♣r♦❝❡❞✉r❡ ✐♥ ♦r❞❡r
t♦ ❞❡❝✐❞❡ ✇❤✐❝❤ st♦❝❦s t♦ ❢♦❧❧♦✇✱ ✇❤✐❝❤ ✐♥✈♦❧✈❡s tr❛❞✐♥❣ ♦✛ t❤❡ ❜❡♥❡✜ts t♦ ✐♠♣r♦✈✐♥❣ t❤❡ ❝❤♦✐❝❡ ✇✐t❤ t❤❡
❝♦sts ♦❢ ✐♠♣r♦✈✐♥❣ t❤❡ ❞❡❝✐s✐♦♥✲♠❛❦✐♥❣✳ ❇✉t ✐❢ t❤❡ ❝♦♥str✉❝t✐♦♥ ♦❢ t❤✐s ♣r♦❝❡❞✉r❡ ✐s ❝♦st❧② ❛♥❞ t❤❡r❡ ❛r❡
s❡✈❡r❛❧ ❛❧t❡r♥❛t✐✈❡ ♣r♦❝❡❞✉r❡s✱ t❤❡♥ t❤❡ ✐♥✈❡st♦r ♠❛② ✜rst ❛❧s♦ ❝♦♠♣✉t❡ ❛♥ ❛❧❣♦r✐t❤♠ t♦ ❞❡❝✐❞❡ ✇❤✐❝❤
♣r♦❝❡❞✉r❡ t♦ ❛♣♣❧②✱ ❛♥❞ s♦ ♦♥✳ ❚❤✐s ✐s t❤❡ ✐♥✜♥✐t❡ r❡❣r❡ss ♣r♦❜❧❡♠ ♦❢ ❜♦✉♥❞❡❞ r❛t✐♦♥❛❧✐t② ✇❡❧❧ ❡①♣❧❛✐♥❡❞
❜② ▲✐♣♠❛♥ ✭✶✾✾✶✮ ❛♥❞ ✐s r❡❧❛t❡❞ t♦ t❤❡ ✐❞❡❛ t❤❛t ✏❬❝❪♦❣♥✐t✐✈❡ r❡s♦✉r❝❡s s❤♦✉❧❞ ❜❡ ❛❧❧♦❝❛t❡❞ ❥✉st ❧✐❦❡ ♦t❤❡r
s❝❛r❝❡ r❡s♦✉r❝❡s✑ ✭●❛❜❛✐① ❛♥❞ ▲❡✐❜s♦♥✱ ✷✵✵✺✮✳
❚❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ♠♦r❡ s♦♣❤✐st✐❝❛t❡❞ ❛♥❞ ❧❡ss s♦♣❤✐st✐❝❛t❡❞ ✐♥✈❡st♦rs ♠❛② ❛❧s♦ ❜❡ r❡❧❛t❡❞ t♦ ❣♦✈✲
❡r♥♠❡♥t r❡❣✉❧❛t✐♦♥✳ ❚❤✉s✱ ❢♦r ❢✉rt❤❡r r❡s❡❛r❝❤ ✐t ✇♦✉❧❞ ❛❧s♦ ❜❡ ✇♦rt❤ st✉❞②✐♥❣ t❤❡ ❡✛❡❝ts ♦❢ r❡❣✉❧❛t✐♦♥
♦♥ ❛♥❛❧②sts ❜❡❤❛✈✐♦r✳ ❘❡❣✉❧❛t♦r② ❛❣❡♥❝✐❡s ❤❛✈❡ ❛❞❞r❡ss❡❞ ❛♥❛❧②sts✬ ❝♦♥✢✐❝ts ♦❢ ✐♥t❡r❡sts ❜② r❡❣✉❧❛t✐♥❣
✐♥❢♦r♠❛t✐♦♥ ✐ss✉❡rs✱ ✇✐t❤ r✉❧❡s s✉❝❤ ❛s t❤❡ ❙❡❝✉r✐t✐❡s ❆❝t ♦❢ ✶✾✸✸ ❛♥❞ t❤❡ ❘❡❣ ❋❉ ♦❢ ✷✵✵✵ ✇❤✐❝❤ ❤❛✈❡ t❤❡
♣✉r♣♦s❡ ♦❢ ✐♥❝r❡❛s✐♥❣ t❤❡ ❛♠♦✉♥t ♦❢ ✐♥❢♦r♠❛t✐♦♥ t❤❛t ✐♥✈❡st♦rs ❝❛♥ ❛❝❝❡ss ❞✐r❡❝t❧② ❢r♦♠ ✜r♠s✱ ♦r r✉❧❡s t❤❛t
❛✛❡❝t ❛♥❛❧②sts ❝♦♠♣❡♥s❛t✐♦♥s s✉❝❤ ❛s t❤❡ ●❧♦❜❛❧ ❘❡s❡❛r❝❤ ❆♥❛❧②st ❙❡tt❧❡♠❡♥t ❛♥❞ t❤❡ ❙❛r❜❛♥❡s✲❖①❧❡②
✷✵
❆❝t ♦❢ ✷✵✵✷✳ ❆♥ ✐♥t❡r❡st✐♥❣ q✉❡st✐♦♥ ✐s ✇❤❡t❤❡r ❧❛✇s t❤❛t ❢♦❝✉s ♦♥ ✐♥✈❡st♦rs ✐✳❡✳ ✜♥❛♥❝✐❛❧ ✐♥❢♦r♠❛t✐♦♥
❝♦♥s✉♠❡rs✱ ✇♦✉❧❞ ✐♠♣r♦✈❡ t❤❡ q✉❛❧✐t② ♦❢ t❤❡ ✐♥❢♦r♠❛t✐♦♥ ✐ss✉❡❞ ❜② s❡❧❧✲s✐❞❡ ❛♥❛❧②sts✳ ❋♦r ✐♥st❛♥❝❡✱ ❈❤♦✐
✭✷✵✵✵✮ ♣r♦♣♦s❡s ❧✐♠✐t✐♥❣ t❤❡ ✐♥✈❡st♠❡♥ts ♦❢ t❤❡ ❧❡ss ✐♥❢♦r♠❡❞ ✐♥✈❡st♦rs t♦ ♣❛ss✐✈❡ ✐♥❞❡① ♠✉t✉❛❧ ❢✉♥❞s✱
✇❤✐❧❡ r❡q✉✐r✐♥❣ ❢r♦♠ ♦t❤❡r ✐♥✈❡st♦rs t❤❛t t❤❡② ♠❛❦❡ t❤❡✐r tr❛♥s❛❝t✐♦♥s t❤r♦✉❣❤ ❜r♦❦❡r❛❣❡ ✜r♠s ✇✐t❤ r❡✲
s❡❛r❝❤ ❞❡♣❛rt♠❡♥ts ❝❡rt✐✜❡❞ ❛s ❤✐❣❤❧② r❡s♣❡❝t❡❞✳
✷✶
❆♣♣❡♥❞✐①
❚❤❡ s✉♠♠❛r② st❛t✐st✐❝s ♦♥ t❤❡ ❧✐st ♦❢ s❡❝t✐♦♥ ✶✸✭❢✮ s❡❝✉r✐t✐❡s ✭Di,13F ✮ ❛r❡ ✐♥ t❛❜❧❡ ✶✷✳ ❚❤❡ ❧✐st ♦❢ s❡❝t✐♦♥
✶✸✭❢✮ s❡❝✉r✐t✐❡s ♦❢ ✷✵✶✼◗✹ ❛✈❛✐❧❛❜❧❡ ✐♥ ♣❞❢ ❢♦r♠❛t ❢r♦♠ t❤❡ ✇❡❜s✐t❡ ♦❢ t❤❡ ❯✳❙ ❙❡❝✉r✐t✐❡s ❛♥❞ ❊①❝❤❛♥❣❡
❈♦♠♠✐ss✐♦♥✱ ❝♦✉♥ts ✇✐t❤ ♠♦r❡ t❤❛♥ ✶✼✱✵✵✵ ✐♥❞✐✈✐❞✉❛❧ s❡❝✉r✐t✐❡s ❢r♦♠ ✇❤✐❝❤ ■ ✐❞❡♥t✐❢② t❤❡ ✺✵✹ st♦❝❦s ✐♥
♠② s❛♠♣❧❡ t❤❛t ❛r❡ ✐♥❝❧✉❞❡❞ ✐♥ t❤✐s r❡♣♦rt ❛♥❞ r❡♣r❡s❡♥t ✸✷✪ ♦❢ t❤❡ ♦❜s❡r✈❛t✐♦♥s ✐♥ ♠② s❛♠♣❧❡✳
❚❤❡ s✉♠♠❛r② st❛t✐st✐❝s ❢♦r t❤❡ ❝♦♠♣❧❡t❡ s❡t ♦❢ ✈❛r✐❛❜❧❡s ❛r❡ ✐♥ t❛❜❧❡ ✶✷✳ ❈♦♥s✐st❡♥t ✇✐t❤ t❤❡ ❧✐t❡r❛t✉r❡
♦♥ ❛♥❛❧②st ♦♣t✐♠✐s♠✱ ❜♦t❤ t❤❡ ♠❡❞✐❛♥ ❛♥❞ t❤❡ ♠❡❛♥ ♦❢ ❢♦r❡❝❛st ❜✐❛s ✐♥ ♠② s❛♠♣❧❡ ❛r❡ ♣♦s✐t✐✈❡✱ ❛♥❞ t❤❡
❛❜s♦❧✉t❡ ✈❛❧✉❡ ♦❢ t❤❡ ♠✐♥✐♠✉♠ ✐s s♠❛❧❧❡r t❤❛♥ t❤❡ ♠❛①✐♠✉♠✳
❚❛❜❧❡ ✶✷✿ ❙✉♠♠❛r② ❙t❛t✐st✐❝s✳






❀ sizei,t ✐s t❤❡ ❧♦❣ ♦❢ ♠❛r❦❡t ❝❛♣✐t❛❧✐③❛t✐♦♥❀ returni,t ❛r❡ st♦❝❦
r❡t✉r♥s❀ sdi,t ✐s t❤❡ q✉❛rt❡r❧② st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ❢r♦♠ ❞❛✐❧② r❡t✉r♥s✳
▼✐♥✳ ✶st ◗✉✳ ▼❡❞✐❛♥ ▼❡❛♥ ✸r❞ ◗✉✳ ▼❛①✳
optimi,t ✲✷✳✵✼✼✷✽ ✲✵✳✶✻✵✾✸ ✵✳✵✹✵✽✷ ✵✳✵✾✻✽✺ ✵✳✷✽✻✺✽ ✹✳✵✺✶✽✶
∆epsi,t ✲✷✳✵✼✻✸✸✷✵ ✲✵✳✵✵✹✽✷✷✺ ✵✳✵✵✵✸✺✽✼ ✲✵✳✵✵✵✽✺✵✹ ✵✳✵✵✺✺✽✵✼ ✵✳✼✻✹✹✻✵✻
roai,t ✲✺✳✸✽✸✻✽ ✵✳✵✵✻✾✶ ✵✳✵✸✼✷✶ ✵✳✵✶✸✷✶ ✵✳✵✼✽✻✹ ✶✳✺✸✺✸✾
sizei,t ✶✳✽✷✾ ✻✳✻✸✼ ✼✳✼✷✻ ✼✳✼✽✽ ✽✳✽✼✹ ✶✸✳✹✾✹
returni,t ✲✵✳✾✸✸✹✼ ✲✵✳✵✼✶✸✽ ✵✳✵✷✽✻✽ ✵✳✵✸✹✻✾ ✵✳✶✷✾✻✶ ✼✳✼✼✹✹✶
sdi,t ✵✳✵✵✸✽✹✽ ✵✳✵✶✸✻✼✵ ✵✳✵✶✽✽✾✸ ✵✳✵✷✷✵✾✶ ✵✳✵✷✻✾✽✽ ✵✳✷✸✻✹✹✹
Di,F ✵✳✵✵✵✵ ✵✳✵✵✵✵ ✵✳✵✵✵✵ ✵✳✷✷✹✾ ✵✳✵✵✵✵ ✶✳✵✵✵✵
Di,T ✵✳✵✵✵✵ ✵✳✵✵✵✵ ✵✳✵✵✵✵ ✵✳✶✶✹✺ ✵✳✵✵✵✵ ✶✳✵✵✵✵
Di,CG ✵✳✵✵✵✵ ✵✳✵✵✵✵ ✵✳✵✵✵✵ ✵✳✵✽✽✹✾ ✵✳✵✵✵✵ ✶✳✵✵✵✵
Di,13F ✵✳✵✵✵✵ ✵✳✵✵✵✵ ✵✳✵✵✵✵ ✵✳✸✶✾✺ ✶✳✵✵✵✵ ✶✳✵✵✵✵
∆BNHi,t ✲✹✳✵✵✵✵ ✲✵✳✶✻✻✼ ✵✳✵✵✵✵ ✵✳✵✸✹✹ ✵✳✶✼✽✽ ✹✳✵✵✵✵




❆❜❛r❜❛♥❡❧❧✱ ❏✳ ❙✳ ✭✶✾✾✶✮✳ ❉♦ ❛♥❛❧②sts✬ ❡❛r♥✐♥❣s ❢♦r❡❝❛sts ✐♥❝♦r♣♦r❛t❡ ✐♥❢♦r♠❛t✐♦♥ ✐♥ ♣r✐♦r st♦❝❦ ♣r✐❝❡
❝❤❛♥❣❡s❄✳ ❏♦✉r♥❛❧ ♦❢ ❆❝❝♦✉♥t✐♥❣ ❛♥❞ ❊❝♦♥♦♠✐❝s✱ ✶✹✭✷✮✱ ✶✹✼✲✶✻✺✳
❆❜❛r❜❛♥❡❧❧✱ ❏✳ ❙✳ ❛♥❞ ❇❡r♥❛r❞✱ ❱✳ ▲✳ ✭✶✾✾✷✮✳ ❚❡sts ♦❢ ❛♥❛❧②sts✬ ♦✈❡rr❡❛❝t✐♦♥✴✉♥❞❡rr❡❛❝t✐♦♥ t♦ ❡❛r♥✐♥❣s
✐♥❢♦r♠❛t✐♦♥ ❛s ❛♥ ❊①♣❧❛♥❛t✐♦♥ ❢♦r ❆♥♦♠❛❧♦✉s ❙t♦❝❦ Pr✐❝❡ ❇❡❤❛✈✐♦r✳ ❚❤❡ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝❡✱ ✹✼✭✸✮✱ ✶✶✽✶
✲ ✶✷✵✼✳
❆❜❛r❜❛♥❡❧❧✱ ❏✳ ❛♥❞ ▲❡❤❛✈②✱ ❘✳ ✭✷✵✵✸✮✳ ❇✐❛s❡❞ ❋♦r❡❝❛sts ♦r ❇✐❛s❡❞ ❊❛r♥✐♥❣s❄ ❚❤❡ ❘♦❧❡ ♦❢ ❘❡♣♦rt❡❞
❊❛r♥✐♥❣s ✐♥ ❊①♣❧❛✐♥✐♥❣ ❆♣♣❛r❡♥t ❇✐❛s ❛♥❞ ❖✈❡r✴❯♥❞❡rr❡❛❝t✐♦♥ ✐♥ ❆♥❛❧②sts✬ ❊❛r♥✐♥❣s ❋♦r❡❝❛sts✳ ❏♦✉r♥❛❧
♦❢ ❆❝❝♦✉♥t✐♥❣ ❛♥❞ ❊❝♦♥♦♠✐❝s✱ ✸✻✱ ✶✵✺ ✲ ✶✹✻✳
❆❧✐✱ ❆✳✱ ❑❧❡✐♥✱ ❆✳ ❛♥❞ ❘♦s❡♥❢❡❧❞ ❏✳ ✭✶✾✾✷✮✳ ❆♥❛❧②sts✬ ❯s❡ ♦❢ ■♥❢♦r♠❛t✐♦♥ ❛❜♦✉t P❡r♠❛♥❡♥t ❛♥❞ ❚r❛♥✲
s✐t♦r② ❊❛r♥✐♥❣s ❈♦♠♣♦♥❡♥ts ✐♥ ❋♦r❡❝❛st✐♥❣ ❆♥♥✉❛❧ ❊P❙✳ ❆❝❝♦✉♥t✐♥❣ ❘❡✈✐❡✇✱ ✻✼✭✶✮✱ ✶✽✸ ✲ ✶✾✽✳
❆t✐❛s❡✱ ❘✳ ❑✳ ✭✶✾✽✺✮✳ Pr❡❞✐s❝❧♦s✉r❡ ■♥❢♦r♠❛t✐♦♥✱ ❋✐r♠ ❈❛♣✐t❛❧✐③❛t✐♦♥✱ ❛♥❞ ❙❡❝✉r✐t② Pr✐❝❡ ❇❡❤❛✈✐♦r
❆r♦✉♥❞ ❊❛r♥✐♥❣s ❆♥♥♦✉♥❝❡♠❡♥ts✳ ❏♦✉r♥❛❧ ♦❢ ❆❝❝♦✉♥t✐♥❣ ❘❡s❡❛r❝❤✱ ✷✶✲✸✻✳
❆sq✉✐t❤✱ P✳✱ ▼✳ ❇✳ ▼✐❦❤❛✐❧ ❛♥❞ ❆✳ ❙✳ ❆✉✳ ✭✷✵✵✺✮✳ ■♥❢♦r♠❛t✐♦♥ ❈♦♥t❡♥t ♦❢ ❊q✉✐t② ❆♥❛❧②st ❘❡♣♦rts✳
❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝✐❛❧ ❊❝♦♥♦♠✐❝s✱ ✼✺✭✷✮✱ ✷✹✺ ✲ ✽✷✳
❇❛♥❡r❥❡❡✱ ❙✳✱ ❇r❡♦♥✲❉r✐s❤✱ ❇✳✱ ❛♥❞ ❊♥❣❡❧❜❡r❣✱ ❏✳ ✭✷✵✷✵✮✳ ❉✐s❝✉ss✐♦♥ ♦❢ ✏❞✐s❝❧♦s✉r❡ ♣r♦❝❡ss✐♥❣ ❝♦sts✱
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❇❡❛✈❡r✱ ❲✳ ❍✳ ✭✷✵✵✷✮✳ P❡rs♣❡❝t✐✈❡s ♦♥ ❘❡❝❡♥t ❈❛♣✐t❛❧ ▼❛r❦❡t ❘❡s❡❛r❝❤✳ ❚❤❡ ❆❝❝♦✉♥t✐♥❣ ❘❡✈✐❡✇✱
✼✼✭✷✮✱ ✹✺✸ ✲ ✹✼✹✳
❇❡♥✲❘❡♣❤❛❡❧✱ ❆✳✱ ❉❛✱ ❩✳ ❛♥❞ ■sr❛❡❧s❡♥✱ ❘✳ ✭✷✵✶✼✮✳ ■t ❉❡♣❡♥❞s ♦♥ ❲❤❡r❡ ❨♦✉ ❙❡❛r❝❤✿ ■♥st✐t✉t✐♦♥❛❧
■♥✈❡st♦r ❆tt❡♥t✐♦♥ ❛♥❞ ❯♥❞❡rr❡❛❝t✐♦♥ t♦ ◆❡✇s✳ ❘❡✈✐❡✇ ♦❢ ❋✐♥❛♥❝✐❛❧ ❙t✉❞✐❡s✱ ✸✵✭✾✮✱ ✸✵✵✾✲✸✵✹✼✳
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●r♦②s❜❡r❣✱ ❇✳✱ ❍❡❛❧②✱ P✳ ▼✳ ❛♥❞ ▼❛❜❡r✱ ❉✳ ❆✳ ✭✷✵✶✶✮✳ ❲❤❛t ❞r✐✈❡s s❡❧❧✲s✐❞❡ ❛♥❛❧②st ❝♦♠♣❡♥s❛t✐♦♥ ❛t
❤✐❣❤✲st❛t✉s ✐♥✈❡st♠❡♥t ❜❛♥❦s❄✳ ❏♦✉r♥❛❧ ♦❢ ❆❝❝♦✉♥t✐♥❣ ❘❡s❡❛r❝❤✱ ✹✾✭✹✮✱ ✾✻✾✲✶✵✵✵✳
●✐✈♦❧②✱ ❉✳✱ ❍❛②♥✱ ❈✳ ❛♥❞ ▲❡❤❛✈②✱ ❘✳ ✭✷✵✵✾✮✳ ❚❤❡ ◗✉❛❧✐t② ♦❢ ❆♥❛❧②sts✬ ❈❛s❤ ❋❧♦✇ ❋♦r❡❝❛sts✳ ❚❤❡
❆❝❝♦✉♥t✐♥❣ ❘❡✈✐❡✇✱ ✽✹✭✻✮✱ ✽✼✼ ✲ ✶✾✶✶✳
●♦❧❞s♠✐t❤✲P✐♥❦❤❛♠✱ P❛✉❧ ❛♥❞ ❍✐rt❧❡✱ ❇❡✈❡r❧② ❛♥❞ ▲✉❝❝❛✱ ❉❛✈✐❞ ❖✳✱ P❛rs✐♥❣ t❤❡ ❈♦♥t❡♥t ♦❢ ❇❛♥❦ ❙✉✲
♣❡r✈✐s✐♦♥ ✭✷✵✶✻✲✵✸✲✵✶✮✳ ❋❘❇ ♦❢ ◆❨ ❙t❛✛ ❘❡♣♦rt ◆♦✳ ✼✼✵✳ ❆✈❛✐❧❛❜❧❡ ❛t ❙❙❘◆✿ ❤tt♣s✿✴✴ssr♥✳❝♦♠✴❛❜str❛❝t❂✷✼✺✵✸✶✺
●✉♥t❤❡r✱ ❏✳ ❲✳✱ ❛♥❞ ▼♦♦r❡✱ ❘✳ ❘✳ ✭✷✵✵✸✮✳ ▲♦ss ✉♥❞❡rr❡♣♦rt✐♥❣ ❛♥❞ t❤❡ ❛✉❞✐t✐♥❣ r♦❧❡ ♦❢ ❜❛♥❦ ❡①❛♠s✳
❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝✐❛❧ ■♥t❡r♠❡❞✐❛t✐♦♥✱ ✶✷✭✷✮✱ ✶✺✸✲✶✼✼✳
❍❛②❡s✱ ❘✳ ▼✳ ✭✶✾✾✽✮✳ ❚❤❡ ✐♠♣❛❝t ♦❢ tr❛❞✐♥❣ ❝♦♠♠✐ss✐♦♥ ✐♥❝❡♥t✐✈❡s ♦♥ ❛♥❛❧②sts✬ st♦❝❦ ❝♦✈❡r❛❣❡ ❞❡❝✐✲
s✐♦♥s ❛♥❞ ❡❛r♥✐♥❣s ❢♦r❡❝❛sts✳ ❏♦✉r♥❛❧ ♦❢ ❆❝❝♦✉♥t✐♥❣ ❘❡s❡❛r❝❤✱ ✸✻✭✷✮✱ ✷✾✾✲✸✷✵✳
❍❛②❡s✱ ❘✳ ▼✳ ❛♥❞ ▲❡✈✐♥❡✱ ❈✳ ❇✳ ✭✷✵✵✵✮✳ ❆♥ ❛♣♣r♦❛❝❤ t♦ ❛❞❥✉st✐♥❣ ❛♥❛❧②sts✬ ❝♦♥s❡♥s✉s ❢♦r❡❝❛sts ❢♦r
s❡❧❡❝t✐♦♥ ❜✐❛s✳ ❈♦♥t❡♠♣♦r❛r② ❆❝❝♦✉♥t✐♥❣ ❘❡s❡❛r❝❤✱ ✶✼✭✶✮✱ ✻✶✲✽✸✳
❍✐❧❛r②✱ ●✳ ❛♥❞ ❍s✉✱ ❈✳ ✭✷✵✶✸✮✳ ❆♥❛❧②st ❢♦r❡❝❛st ❝♦♥s✐st❡♥❝②✳ ❚❤❡ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝❡✱ ✻✽✭✶✮✱ ✷✼✶✲✷✾✼✳
❍✐❧❧❡rt✱ ❆✳✱ ❏❛❝♦❜s✱ ❍✳ ❛♥❞ ▼ü❧❧❡r✱ ❙✳ ✭✷✵✶✹✮✳ ▼❡❞✐❛ ♠❛❦❡s ♠♦♠❡♥t✉♠✳ ❚❤❡ ❘❡✈✐❡✇ ♦❢ ❋✐♥❛♥❝✐❛❧
❙t✉❞✐❡s✱ ✷✼✭✶✷✮✱ ✸✹✻✼✲✸✺✵✶✳
❍♦♥❣✱ ❍✳✱ ▲✐♠✱ ❚✳ ❛♥❞ ❙t❡✐♥✱ ❏✳ ❈✳ ✭✷✵✵✵✮✳ ❇❛❞ ♥❡✇s tr❛✈❡❧s s❧♦✇❧②✿ ❙✐③❡✱ ❛♥❛❧②st ❝♦✈❡r❛❣❡✱ ❛♥❞ t❤❡
♣r♦✜t❛❜✐❧✐t② ♦❢ ♠♦♠❡♥t✉♠ str❛t❡❣✐❡s✳ ❚❤❡ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝❡✱ ✺✺✭✶✮✱ ✷✻✺✲✷✾✺✳
❍✉❣♦♥✱ ❆✳✱ ❛♥❞ ▼✉s❧✉✱ ❱✳ ✭✷✵✶✵✮✳ ▼❛r❦❡t ❞❡♠❛♥❞ ❢♦r ❝♦♥s❡r✈❛t✐✈❡ ❛♥❛❧②sts✳ ❏♦✉r♥❛❧ ♦❢ ❆❝❝♦✉♥t✐♥❣
❛♥❞ ❊❝♦♥♦♠✐❝s✱ ✺✵✭✶✮✱ ✹✷✲✺✼✳
❍✉❣♦♥♥✐❡r✱ ❏✳✱ ❛♥❞ ▼♦r❡❧❧❡❝✱ ❊✳ ✭✷✵✶✼✮✳ ❇❛♥❦ ❝❛♣✐t❛❧✱ ❧✐q✉✐❞ r❡s❡r✈❡s✱ ❛♥❞ ✐♥s♦❧✈❡♥❝② r✐s❦✳ ❏♦✉r♥❛❧ ♦❢
❋✐♥❛♥❝✐❛❧ ❊❝♦♥♦♠✐❝s✱ ✶✷✺✭✷✮✱ ✷✻✻✲✷✽✺✳
❏❛❝❦s♦♥✱ ❆✳ ❘✳ ✭✷✵✵✺✮✳ ❚r❛❞❡ ●❡♥❡r❛t✐♦♥✱ ❘❡♣✉t❛t✐♦♥✱ ❛♥❞ ❙❡❧❧✲❙✐❞❡ ❆♥❛❧②sts✳ ❚❤❡ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝❡✱
✻✵✭✷✮✱ ✻✼✸ ✲ ✼✶✼✳
✷✹
❏✉❧❧✐❡♥✱ ❇✳✱ ❛♥❞ P❛r❦✱ ■✳ ❯✳ ✭✷✵✶✹✮✳ ◆❡✇✱ ❧✐❦❡ ♥❡✇✱ ♦r ✈❡r② ❣♦♦❞❄ ❘❡♣✉t❛t✐♦♥ ❛♥❞ ❝r❡❞✐❜✐❧✐t②✳ ❚❤❡
❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝ ❙t✉❞✐❡s✱ ✽✶✭✹✮✱ ✶✺✹✸✲✶✺✼✹✳
❑❛♥✐❡❧✱ ❘✳ ❛♥❞ P❛r❤❛♠✱ ❘✳ ✭✷✵✶✼✮✳ ❲❙❏ ❈❛t❡❣♦r② ❑✐♥❣s✕❚❤❡ ✐♠♣❛❝t ♦❢ ♠❡❞✐❛ ❛tt❡♥t✐♦♥ ♦♥ ❝♦♥s✉♠❡r
❛♥❞ ♠✉t✉❛❧ ❢✉♥❞ ✐♥✈❡st♠❡♥t ❞❡❝✐s✐♦♥s✳ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝✐❛❧ ❊❝♦♥♦♠✐❝s✱ ✶✷✸✭✷✮✱ ✸✸✼✲✸✺✻✳
❑❛rt✐❦✱ ◆✳✱ ❖tt❛✈✐❛♥✐✱ ▼✳ ❛♥❞ ❙q✉✐♥t❛♥✐✱ ❋✳ ✭✷✵✵✼✮✳ ❈r❡❞✉❧✐t②✱ ▲✐❡s✱ ❛♥❞ ❈♦st❧② ❚❛❧❦✳ ❏♦✉r♥❛❧ ♦❢
❊❝♦♥♦♠✐❝ ❚❤❡♦r②✱ ✶✸✹✱ ✾✸ ✲ ✶✶✻✳
▲✐♠✱ ❚✳ ✭✷✵✵✶✮✳ ❘❛t✐♦♥❛❧✐t② ❛♥❞ ❛♥❛❧②sts✬ ❢♦r❡❝❛st ❜✐❛s✳ ❚❤❡ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝❡✱ ✺✻✭✶✮✱ ✸✻✾✲✸✽✺✳
▲✐♥✱ ❏✳ ❚✳✱ ❇✉♠❝r♦t✱ ❈✳✱ ▼♦tt♦❧❛✱ ●✳✱ ❛♥❞ ❲❛❧s❤✱ ●✳ ✭✷✵✶✾✮✳ ■♥✈❡st♦rs ✐♥ t❤❡ ❯♥✐t❡❞ ❙t❛t❡s✿ ❆ r❡♣♦rt
♦❢ ♥❛t✐♦♥❛❧ ✜♥❛♥❝✐❛❧ ❝❛♣❛❜✐❧✐t② st✉❞②✳ ❋■◆❘❆✿ ■♥✈❡st♦r ❊❞✉❝❛t✐♦♥ ❋♦✉♥❞❛t✐♦♥✳
▲✐♣♠❛♥✱ ❇✳ ▲✳ ✭✶✾✾✶✮✳ ❍♦✇ t♦ ❞❡❝✐❞❡ ❤♦✇ t♦ ❞❡❝✐❞❡ ❤♦✇ t♦✳✳✳✿ ▼♦❞❡❧✐♥❣ ❧✐♠✐t❡❞ r❛t✐♦♥❛❧✐t②✳ ❊❝♦♥♦✲
♠❡tr✐❝❛✿ ❏♦✉r♥❛❧ ♦❢ t❤❡ ❊❝♦♥♦♠❡tr✐❝ ❙♦❝✐❡t②✱ ✶✶✵✺✲✶✶✷✺✳
▲♦✉❣❤r❛♥✱ ❚✳ ❛♥❞ ▼❝❉♦♥❛❧❞✱ ❇✳ ✭✷✵✶✼✮✳ ❚❤❡ ✉s❡ ♦❢ ❊❉●❆❘ ✜❧✐♥❣s ❜② ✐♥✈❡st♦rs✳ ❏♦✉r♥❛❧ ♦❢ ❇❡❤❛✈✐♦r❛❧
❋✐♥❛♥❝❡✱ ✶✽✭✷✮✱ ✷✸✶✲✷✹✽✳
▲❥✉♥❣q✈✐st✱ ❆✳✱ ▼❛rst♦♥✱ ❋✳✱ ❙t❛r❦s✱ ▲✳ ❚✳✱ ❲❡✐✱ ❑✳ ❉✳ ❛♥❞ ❨❛♥✱ ❍✳ ✭✷✵✵✼✮✳ ❈♦♥✢✐❝ts ♦❢ ✐♥t❡r❡st ✐♥
s❡❧❧✲s✐❞❡ r❡s❡❛r❝❤ ❛♥❞ t❤❡ ♠♦❞❡r❛t✐♥❣ r♦❧❡ ♦❢ ✐♥st✐t✉t✐♦♥❛❧ ✐♥✈❡st♦rs✳ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝✐❛❧ ❊❝♦♥♦♠✐❝s✱
✽✺✭✷✮✱ ✹✷✵✲✹✺✻✳
▼❛❧♠❡♥❞✐❡r✱ ❯✳ ❛♥❞ ❙❤❛♥t❤✐❦✉♠❛r✱ ❉✳ ✭✷✵✶✹✮✳ ❉♦ s❡❝✉r✐t② ❛♥❛❧②sts s♣❡❛❦ ✐♥ t✇♦ t♦♥❣✉❡s❄✳ ❚❤❡ ❘❡✲
✈✐❡✇ ♦❢ ❋✐♥❛♥❝✐❛❧ ❙t✉❞✐❡s✱ ✷✼✭✺✮✱ ✶✷✽✼✲✶✸✷✷✳
▼❛❤♠✉❞✱ ❙✳✱ ❙❝❛rt❤✱ ◆✳✱ ❙❤❛❤✱ ◆✳ ❛♥❞ ▼♦❧❧♦②✱ P✳ ✭✷✵✶✻✮✳ ❚❤❡ ❋✉t✉r❡ ♦❢ ❊q✉✐t② ❘❡s❡❛r❝❤✳ ❇❧♦♦♠❜❡r❣
Pr♦❢❡ss✐♦♥❛❧ ❙❡r✈✐❝❡s✱ ❛✈❛✐❧❛❜❧❡ ❛t✿
❤tt♣s✿✴✴✇✇✇✳❜❧♦♦♠❜❡r❣✳❝♦♠✴♣r♦❢❡ss✐♦♥❛❧✴❜❧♦❣✴❢✉t✉r❡✲❡q✉✐t②✲r❡s❡❛r❝❤✴
▼❝◆✐❝❤♦❧s✱ ▼✳ ❛♥❞ ❖✬❇r✐❡♥✱P✳ ✭✶✾✾✼✮✳ ❙❡❧❢✲❙❡❧❡❝t✐♦♥ ❛♥❞ ❆♥❛❧②st ❈♦✈❡r❛❣❡✳ ❏♦✉r♥❛❧ ♦❢ ❆❝❝♦✉♥t✐♥❣
❘❡s❡❛r❝❤✱ ✸✺✱✶✻✼ ✲ ✶✾✾✳
▼✐❦❤❛✐❧✱ ▼✳ ❇✳✱ ❲❛❧t❤❡r✱ ❇✳ ❘✳ ❛♥❞ ❲✐❧❧✐s✱ ❘✳ ❍✳ ✭✷✵✵✼✮✳ ❲❤❡♥ s❡❝✉r✐t② ❛♥❛❧②sts t❛❧❦✱ ✇❤♦ ❧✐st❡♥s❄✳
❚❤❡ ❆❝❝♦✉♥t✐♥❣ ❘❡✈✐❡✇✱ ✽✷✭✺✮✱ ✶✷✷✼✲✶✷✺✸✳
▼✐❦❤❛✐❧✱ ▼✳ ❇✳✱ ❲❛❧t❤❡r✱ ❇✳ ❘✳ ❛♥❞ ❲✐❧❧✐s✱ ❘✳ ❍✳ ✭✶✾✾✾✮✳ ❉♦❡s ❋♦r❡❝❛st ❆❝❝✉r❛❝② ▼❛tt❡r t♦ ❙❡❝✉r✐t②
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